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Try not to resist the changes that come your way. 
Instead let life live through you.  
And do not worry that your life is turning upside 
down. How do you know that the side you are 
used to is better than the one to come? 
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The majority of children around the world do not meet the physical activity guidelines (an 
average of at least 60 minutes of moderate-to-vigorous physical activity each day). In most 
countries 67-73% of children and adolescents do not meet these guidelines. Additionally, 
estimates of children’s time spent in sedentary behavior go up to 8 to 9 hours per day and 
children’s sleep duration has declined over the past century. Sufficient physical activity and 
sleep are associated with many health benefits. Moreover, these 24-hour movement 
behaviors, i.e. physical activity, sedentary (screen) behavior and sleep, influence each other. 
For example, too much screen time may affect sleep, and subsequently, poor sleep may 
cause daytime sleepiness, resulting in less energy for physical activity and more time spent 
in sedentary behavior. In addition, time can only be spent once.  
 
Accurate assessment of children’s 24-hour movement behaviors is crucial, e.g. to monitor 
trends in these behaviors and to examine associations with children’s health. Therefore, 
accurate measurement instruments are necessary, such as self- or proxy-report 
questionnaires, as they can provide additional information on the context of children’s 
behavior, e.g. what type of activities children engage in and at which locations. 
 
Insight into the levels and contextual information of children’s 24-hour movement behaviors 
is important for the development of interventions targeting these behaviors, e.g. the types 
of activities that should be stimulated and locations that facilitate or limit physical activity. In 
addition, knowledge on the most important determinants of 24-hour movement behaviors is 
of major importance for the development of interventions. Especially the perspectives of the 
key population, e.g. the children themselves, on determinants of their 24-hour movement 
behaviors can provide valuable insights as children know best what kind of activities they do 
and why they choose to engage in these activities.  
 
Aims 
The first aim of this thesis was to co-create and evaluate a 24-hour movement behavior tool, 
including physical activity, sedentary behavior, and sleep, for and together with 9-12-year-
old children (MyDailyMoves). The second aim of this thesis was to examine potential 
determinants of children’s sedentary behavior from the perspectives of children and parents 
and to examine potential determinants of the activity-friendliness of the environment from 
the adolescent perspective. 
 
Co-creation of MyDailyMoves  
The co-creation process of MyDailyMoves started with summarizing the measurement 
properties of existing questionnaires measuring sedentary behavior (chapter 2) and physical 












































The majority of children around the world do not meet the physical activity guidelines (an 
average of at least 60 minutes of moderate-to-vigorous physical activity each day). In most 
countries 67-73% of children and adolescents do not meet these guidelines. Additionally, 
estimates of children’s time spent in sedentary behavior go up to 8 to 9 hours per day and 
children’s sleep duration has declined over the past century. Sufficient physical activity and 
sleep are associated with many health benefits. Moreover, these 24-hour movement 
behaviors, i.e. physical activity, sedentary (screen) behavior and sleep, influence each other. 
For example, too much screen time may affect sleep, and subsequently, poor sleep may 
cause daytime sleepiness, resulting in less energy for physical activity and more time spent 
in sedentary behavior. In addition, time can only be spent once.  
 
Accurate assessment of children’s 24-hour movement behaviors is crucial, e.g. to monitor 
trends in these behaviors and to examine associations with children’s health. Therefore, 
accurate measurement instruments are necessary, such as self- or proxy-report 
questionnaires, as they can provide additional information on the context of children’s 
behavior, e.g. what type of activities children engage in and at which locations. 
 
Insight into the levels and contextual information of children’s 24-hour movement behaviors 
is important for the development of interventions targeting these behaviors, e.g. the types 
of activities that should be stimulated and locations that facilitate or limit physical activity. In 
addition, knowledge on the most important determinants of 24-hour movement behaviors is 
of major importance for the development of interventions. Especially the perspectives of the 
key population, e.g. the children themselves, on determinants of their 24-hour movement 
behaviors can provide valuable insights as children know best what kind of activities they do 
and why they choose to engage in these activities.  
 
Aims 
The first aim of this thesis was to co-create and evaluate a 24-hour movement behavior tool, 
including physical activity, sedentary behavior, and sleep, for and together with 9-12-year-
old children (MyDailyMoves). The second aim of this thesis was to examine potential 
determinants of children’s sedentary behavior from the perspectives of children and parents 
and to examine potential determinants of the activity-friendliness of the environment from 
the adolescent perspective. 
 
Co-creation of MyDailyMoves  
The co-creation process of MyDailyMoves started with summarizing the measurement 
properties of existing questionnaires measuring sedentary behavior (chapter 2) and physical 




reviews was to identify questionnaires of good quality, i.e. with acceptable validity and 
reliability. For sedentary behavior, 46 questionnaires were found, and for physical activity, 
89 questionnaires. Most studies received a poor or fair methodological quality rating due to 
risk of multiple sources of bias. Unfortunately, for both sedentary behavior and physical 
activity, none of the self- or proxy-report questionnaires under study were considered both 
valid and reliable. Only a questionnaire for physical activity was found with acceptable 
validity on the highest level of evidence, i.e. the Greek version of the 3-Day Physical Activity 
Record (3DPARecord), which was only examined in adolescents. For both sedentary 
behavior and physical activity questionnaires, there was a lack of information about the 
development process of the questionnaire and the content validity. Moreover, if information 
on one of these processes was provided, the key population was rarely involved.  
 
Based on the findings of these reviews, the format of MyDailyMoves was established, i.e. as 
the Greek version of the 3DPARecord was the only physical activity questionnaire with 
acceptable validity, we used a similar format for MyDailyMoves. The format included a 
timeline and different time segments, which might help the children to more accurately 
report their activities of the previous day. The next steps of the co-creation (chapter 4) 
included photovoice and concept mapping sessions in which children indicated important 
physical activity categories: playing inside, playing outside, sports, hobbies, chores, 
personal care, transport, and others. Based on the literature, two additional sedentary 
behavior categories were identified, i.e. schoolwork and screen time, and five domains for 
sleep, i.e. sleep duration, efficiency, timing, quality, and daytime sleepiness. All physical 
activity and sedentary behavior categories were added to MyDailyMoves as activities that 
could be placed on the timeline. Subsequently, questions covering above-mentioned sleep 
domains were added to MyDailyMoves. 
 
The content validity of the first version of MyDailyMoves was examined in separate focus 
groups with children and researchers (chapter 4). During the focus groups, the participants 
reflected on the comprehensiveness and understandability of the tool and the presence of 
irrelevant items. Both the children and researchers considered all items in the tool as 
relevant. However, according to the children the activity category ‘eating’ was missing, 
which was added to the second version of the tool. In addition, according to both the 
children and researchers the explanation of how to use the tool could be improved; 
therefore, an explanatory video was created. Unfortunately, due to the COVID-19 pandemic 
the construct validity and test-retest reliability study of MyDailyMoves was postponed and is 





Potential determinants of children’s movement behaviors  
Adolescent-perceived determinants of an activity-friendly environment were examined by 
conducting concept mapping meetings with four groups of secondary school students 
(chapter 5), aged 13-17 years old. Across all groups, 23 unique potential determinants of an 
activity-friendly environment were identified, which could be categorized in four domains: 1) 
physical characteristics, 2) social characteristics, 3) economic characteristics, and 4) 
motivational characteristics. The majority of identified determinants and those rated as most 
important belonged to the physical domain. The most important physical characteristics 
were the following: well-maintained (e.g. no broken attributes), clean (e.g. no waste/dirt), 
safety (e.g. no loitering), attributes (e.g. a climbing rack or a basketball net), and a suitable 
area (e.g. enough space). Ambience, being allowed to be active (social domain), and 
affordability (economic domain) were rated of similar importance. The adolescent-perceived 
determinants found included many detailed aspects, e.g. proper lighting and room 
temperature, that were not addressed in previous quantitative studies. 
 
Potential determinants of children’s sedentary behavior were examined by conducting 
concept mapping meetings with 11–13-year-old children and parents (chapter 6). Children 
identified eight to ten potential reasons, i.e. potential determinants, for engaging in 
sedentary behavior, and parents identified six to seven potential determinants. Six of the 
potential determinants were identified by both the children and the parents. Particularly 
determinants in the physical and the social/cultural environment were rated as most 
important both by children and parents. ‘Sitting because it is the norm (I have to)’ and 
‘Sitting because I can work/play better that way’ were rated as important by both children 
and parents. The child- and parent-perceived determinants included new potential 
determinants not mentioned in previous studies, e.g. ‘sitting because there is nobody to 
play with’ and ‘sitting because I can work/play better that way’. 
 
Conclusion 
Children were involved in multiple phases of the co-creation process of the MyDailyMoves 
measurement tool, including decision making. This resulted in a comprehensive 24-hour 
movement behavior tool, which is comprehensible, relevant and easy to use for 9–12-year-
old children. Future research needs to examine the construct validity and test-retest 
reliability of MyDailyMoves.  
 
The concept mapping studies on children’s and parent’s perspectives on determinants of 
children’s sedentary behavior as well as adolescents’ perspectives on determinants of the 
activity-friendliness of the environment indicated that the key population can provide new 
insights in potential determinants. These new findings may be important for developing 
effective interventions in the future.  
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Physical activity as a means to improve health has been an important research theme since 
the 1950s. While it is currently clear that physical activity includes many different behaviors 
and can be performed in different settings throughout the day, physical activity research 
started with a main focus on exercise and leisure-time physical activity. In the 1990s, active 
transportation modes and city design for promoting active transportation became important 
topics for the field of physical activity and public health [1]. Next, the term ‘active living’ was 
introduced and included many forms of physical activity, e.g. recreational activities, 
exercise, household, and active transport [1,2].  
 
 
Physical activity is defined as ‘any bodily movement produced by skeletal muscles that 
result in energy expenditure’ [3]. For children it includes a variety of activities in structured 
and unstructured forms, such as within school activities (e.g. physical education) and out-
of-school activities (e.g. active transportation, outside play) [4].  
 
Metabolic equivalent values (METs) are used as an expression of energy expenditure of 
physical activities, where 1 MET is defined as the resting metabolic rate while sitting 
quietly [5,6].  
 
Physical activity can be categorized in different intensities: light physical activity (1.5-<3 
METs), moderate physical activity (3-<6 METs), and vigorous physical activity (³6 METs) 
[7]. These thresholds were originally drawn for adults but are currently often used for 




Also for children there is a large body of evidence showing that physical activity is 
associated with various health benefits, including physical-, psychological-, social-, and 
cognitive benefits [4,11,12]. Stronger evidence for these health benefits exists for higher 
intensity physical activity levels, mainly moderate-to-vigorous physical activity [4,11,12]. As 
childhood physical activity can track into adulthood, it can influence health across the entire 
lifespan [13–15]. Physical activity guidelines for children have been drafted across the globe 
over the years [16]. The first guidelines for children were established in 1998 in the United 
States and only included physical activity of vigorous intensity, later on physical activity of 
moderate intensity and more specific details regarding the activities, e.g. aerobic, bone- 
and muscle strengthening activities, were included (see Figure 1) [16–19]. The most recent 













































Physical activity as a means to improve health has been an important research theme since 
the 1950s. While it is currently clear that physical activity includes many different behaviors 
and can be performed in different settings throughout the day, physical activity research 
started with a main focus on exercise and leisure-time physical activity. In the 1990s, active 
transportation modes and city design for promoting active transportation became important 
topics for the field of physical activity and public health [1]. Next, the term ‘active living’ was 
introduced and included many forms of physical activity, e.g. recreational activities, 
exercise, household, and active transport [1,2].  
 
 
Physical activity is defined as ‘any bodily movement produced by skeletal muscles that 
result in energy expenditure’ [3]. For children it includes a variety of activities in structured 
and unstructured forms, such as within school activities (e.g. physical education) and out-
of-school activities (e.g. active transportation, outside play) [4].  
 
Metabolic equivalent values (METs) are used as an expression of energy expenditure of 
physical activities, where 1 MET is defined as the resting metabolic rate while sitting 
quietly [5,6].  
 
Physical activity can be categorized in different intensities: light physical activity (1.5-<3 
METs), moderate physical activity (3-<6 METs), and vigorous physical activity (³6 METs) 
[7]. These thresholds were originally drawn for adults but are currently often used for 




Also for children there is a large body of evidence showing that physical activity is 
associated with various health benefits, including physical-, psychological-, social-, and 
cognitive benefits [4,11,12]. Stronger evidence for these health benefits exists for higher 
intensity physical activity levels, mainly moderate-to-vigorous physical activity [4,11,12]. As 
childhood physical activity can track into adulthood, it can influence health across the entire 
lifespan [13–15]. Physical activity guidelines for children have been drafted across the globe 
over the years [16]. The first guidelines for children were established in 1998 in the United 
States and only included physical activity of vigorous intensity, later on physical activity of 
moderate intensity and more specific details regarding the activities, e.g. aerobic, bone- 
and muscle strengthening activities, were included (see Figure 1) [16–19]. The most recent 
global guidelines of the World Health Organization (WHO) recommend that children aged 
Chapter 1 General introduction
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5-17 years old accumulate at least 60 minutes of moderate-to-vigorous physical activity each 
day. Furthermore, the WHO recommends to include bone- and muscle- strengthening 
activities at least three times a week [17]. This is in line with the Dutch PA guidelines [20,21]. 
Bone strengthening exercises include jumping, running, strolling, dancing and walking the 
stairs. Muscle strengthening exercises include climbing trees, playing tug-of-war or activities 
using weights, resistance bands or your own body weight [20]. 
 
Despite the abundant benefits, the majority of children and adolescents do not meet the 
WHO Global Recommendations on Physical Activity for Health guidelines. Based on a 
combination of questionnaire and accelerometer data, estimates of a 49-country 
comparison in 2017/2018 across six continents indicate that in the majority of countries 67-
73% of children and adolescents did not meet the physical activity guidelines, and in six of 
these countries this number was more than 80% [22]. In the Netherlands in 2018 an 
estimated 55% of 4- to 11-year-old children and 34% of 12-17-year-old children did not 
meet the Dutch physical activity guidelines according to self-report [23]. In addition, data 
from the International Children’s Accelerometer Database shows a decline in physical 
activity minutes per day across childhood with 5-9-year-old boys and girls engaging on 
average in 61 and 49 minutes of moderate-to-vigorous intensity physical activity, 
respectively, whereas 16-18-year-old boys and girls spent on average 42 and 27 minutes in 
moderate-to-vigorous intensity physical activity, respectively [24].  
 
Sedentary behavior 
More recently, excessive sedentary behavior is considered a public health concern, with in 
the early 1980s the first publications on the association of watching television and energy 
intake in adults, and in the late 1980s and 1990s the first publications on the associations of 
watching television and sedentary behavior with health outcomes in adults [27,28]. The first 
studies on watching television and health indicators in children were published in the early 
1990s [29]. In the late 1990s other screen-based activities such as playing video games were 
examined in children. In the early 2000s a wider variety of sedentary activities were 
examined, including screen-time, reading, listening to music and drawing [29]. Importantly, 
the sedentary behavior field continues to evolve due to developments in the research field 
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Sedentary behavior is defined as ‘any waking behavior characterized by an energy 
expenditure of <1.5 metabolic equivalents (METs), while in a sitting, reclining or lying 
posture’ [30]. It can include a variety of activities for children, e.g. screen-based activities 
and non-screen leisure activities such as quiet play, hobbies and social activities, 
school/study activities, and passive transport. 
 
 
Systematic reviews assessing the longitudinal relationship between childhood sedentary 
behavior and various health outcomes have concluded that there is no convincing evidence 
for a detrimental association with children’s health [31,32]. However, as replacing sedentary 
behavior by physical activity can have beneficial effects on children’s health [33,34], limiting 
sedentary behavior in favor of physical activity in childhood seems a sensible target. As a 
result, sedentary behavior guidelines for children are emerging across the world [35–40]. 
The first sedentary behavior guidelines were part of the Canadian 24-hour Movement 
Guidelines, i.e. children should spend no more than two hours per day on recreational 
screen time and limit sitting for extended periods (see Figure 1) [26]. The WHO recently 
presented a draft guideline for 5-17-year-olds indicating that children and adolescents 
should limit their time spent sedentary, especially the amount of recreational screen time 
(see Figure 1) [25]. In the Netherlands no specific sedentary behavior guidelines for children 
have been formulated, but a general advice for all ages is to ‘avoid sitting quietly for long 
periods of time’ [41]. Stronger evidence on potential health effects of sedentary behavior is 
needed before more detailed international guidelines can be developed. 
 
Nowadays, many children are highly sedentary. Self-report data from the Health Behavior in 
School Aged Children study from 39 countries shows that in 2009/2010 56 to 65% of 11- to 
15-year-olds watch television for more than 2 hours per day [42]. A systematic review 
summarizing studies reporting on sedentary time of European children and adolescents 
(mainly self-report data) found that children and adolescents (data from 2004 to 2016) watch 
up to 2.7 and 4.4 hours of television each day, respectively [43]. Moreover, in the 
Netherlands the percentage of children watching television for more than 2 hours per day in 
2009/2010 ranged from 64 to 69% in girls and from 69 to 71% in boys, according to self-
report [42]. Importantly, beside watching television, children engage in many other screen-
related activities, e.g. computer and smartphone use, and screen time is only a part of the 
total time spent sedentary. Data from Europe (mainly self-report data) and the Unites States 
(accelerometer data) (between 2003 and 2016) indicates that children’s and adolescents’ 
total sedentary time may be as high as 9 or 8 hours per day, respectively [43,44]. In the 
  
Netherlands in 2010 the total time that children and adolescents spent sedentary was 
estimated between 7 to 8 hours per day according to accelerometer data [43].  
 
Sleep 
The acknowledgement of sleep as a factor important for health started in the 1950s, with a 
main focus on sleep disorders [45]. Only recently, sleep is also acknowledged as an 
important behavior for public health: healthy sleep behavior in children is associated with 
both physical and psychological health benefits, e.g. a healthier weight and a better quality 
of life [46,47]. Nevertheless, in the last century children’s sleep duration has declined 
globally [48,49]. In the early 2010s the first studies examining the concurrent associations 
between sleep, physical activity and sedentary behavior were published for both children 
and adults [50]. 
 
 
Sleep is defined by ‘a reversible behavioral state of relative perceptual disengagement 
from and unresponsiveness to the environment’. ‘Sleep is typically accompanied by 
postural recumbence, behavioral quiescence, and closed eyes’ [51]. 
 
Healthy sleep behavior includes multiple dimensions, i.e. sleep duration, efficiency, 
quality, timing and alertness/sleepiness. 
 
Sleep duration is defined as ‘the total amount of sleep in 24 hours’, sleep efficiency as 
‘the ease of falling asleep and returning to sleep’, sleep quality as ‘subjective assessment 
of a persons’ sleep’, sleep timing as ‘the placement of sleep within a 24-hour day’, and 
alertness/sleepiness as ‘the ability to maintain attentive wakefulness’ [52]. 
 
 
The first sleep duration recommendations were already published in 1897, in the following 
years many other sleep duration recommendations were proposed [53]. The first sleep 
guidelines including multiple aspects of sleep, e.g. including information on bed- and wake-
up times or sleep quality, emerged much later. The first sleep behavior guidelines – 
including multiple aspects of sleep – were part of the Canadian 24-hour Movement 
Guidelines (see Figure 1) [26]. The WHO recently introduced sleep guidelines for children 
under the age of 5 [54] but not yet for older children and adolescents. 
 
Importance of 24-hour movement behaviors 
Up to now, the association of sleep, sedentary behavior, and physical activity with children’s 
health has often been analyzed separately. However, these behaviors interact with each 
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leads to less energy for physical activity. Since all 24-hour movement behaviors – physical 
activity, sedentary behavior and sleep – are important for optimal child health, examining all 
24-hour movement behaviors in children is important [50,55]. As a result, studies analyzing 
the composition of these 24-hour movement behaviors in relation to health indicators in 
children are emerging [50]. Studies have shown that reallocating time spent in moderate-to-
vigorous physical activity with another movement behavior of lower intensity predicts less 
favorable health outcomes, e.g. cardiorespiratory fitness and percentage of body fat [50]. 
Moreover, absolute estimates indicate an unfavorable difference in percentage body fat of 
approximately 7 and 16% in boys and girls, respectively, when 60 minutes of moderate-to-
vigorous physical activity were replaced by sleep, sedentary behavior or light physical 
activity [56]. Another characteristic of 24-hour movement behavior is the accumulation of the 
different intensities, i.e. one child can spend 30 minutes of moderate-to-vigorous physical 
activity in one bout while another can spend 30 minutes in multiple shorter bouts. The 
importance of such different patterns for health needs further research [57].  
 
Measurement of 24-hour movement behaviors 
Accurate measurement instruments, to assess children’s 24-hour movement behaviors are of 
major importance to monitor trends in these behaviors as well as establish associations with 
health and intervention effects. Whether a measurement instrument is accurate depends on 
its measurement properties. Three main domains i.e. reliability, validity and responsiveness, 
including various measurement properties can be distinguished [58].  
 
 
Reliability is defined as ‘the degree to which a measurement instrument is free from 
measurement error’ [58]. 
 
Validity is defined as ‘the degree to which a measurement instrument measures the 
construct(s) it purports to measure’ [58]. 
 
Responsiveness is defined as ‘the ability of a measurement instrument to detect change 
over time in the construct to be measured’ [58]. 
 
 
Various measurement instruments and methods for assessing physical activity, sedentary 
behavior and sleep in children have been developed and examined on their validity and 
reliability through the years [59,60,69,61–68]. Figure 2 shows an overview of the validity 
and/or reliability assessment of the different tools for assessing physical activity, sedentary 
behavior and sleep throughout the years [59,60,69,61–68].  
  
Roughly, a distinction can be made between objective measures and subjective measures. 
Examples of objective measures are doubly labeled water [70], accelerometry, and 
inclinometry [71,72]. Doubly labeled water is considered the gold standard for assessing 
total energy expenditure in adults and is similarly used in children and adolescents [73]. 
Furthermore, accelerometers are proven to be valid and reliable in assessing children’s 
physical activity [74] and valid in assessing sleep [75], while inclinometers are proven to be 
valid and reliable in assessing children’s sedentary behavior [76,77]. However, some 
limitations need to be considered: 1) all these objective measures are labor intensive and 
costly, especially in large populations [71,72]; 2) they do not provide any information on the 
context of the behavior, i.e. the type and setting of the child’s activity, or sleep quality; and 
3) both accelerometers and inclinometers are affected by the dependence on subjective 
decisions in the data reduction, e.g., the definition of non-wear time, the number of valid 
measurement days required, and the use of cut points or more sophisticated algorithms to 
define different physical activity intensities [9,78,79].   
 
Examples of subjective measures are dairies/logs, or self/proxy-report questionnaires 
[71,72]. These subjective measures, especially questionnaires, are easier to use in larger 
populations and less costly compared to objective measures. Furthermore, diaries and 
questionnaires can provide information on the context of children’s behavior, i.e. the type 
and setting of the activity, and the quality of sleep. However, recent systematic reviews have 
concluded that no valid and reliable questionnaires for assessing physical activity, sedentary 
behavior, and sleep (including all sleep domains) in children are available [60,61,63,68,80]. 
The lack of valid and reliable questionnaires might be partially explained by questionnaire 
related limitations such as social desirability and recall bias [81]. Another possible 
explanation might be the limited focus on the content validity of the available 
questionnaires. Content validity is one of the most important measurement properties 
within the validity domain for subjective measures, e.g. questionnaires [82]. A content 
validity study generally includes the examination of the relevance of items in the 
questionnaire, the comprehensiveness and understandability of the questionnaire. It is 
essential that the key population, for which the questionnaire is developed, is involved in 
the content validity assessment, as they can help assure that all included items are relevant, 
that the tool is comprehensive and understandable for the key population [82]. Lastly, many 
of the studies included in the previously mentioned systematic reviews were of low 
methodological quality. Therefore, high quality studies examining questionnaires that are 




leads to less energy for physical activity. Since all 24-hour movement behaviors – physical 
activity, sedentary behavior and sleep – are important for optimal child health, examining all 
24-hour movement behaviors in children is important [50,55]. As a result, studies analyzing 
the composition of these 24-hour movement behaviors in relation to health indicators in 
children are emerging [50]. Studies have shown that reallocating time spent in moderate-to-
vigorous physical activity with another movement behavior of lower intensity predicts less 
favorable health outcomes, e.g. cardiorespiratory fitness and percentage of body fat [50]. 
Moreover, absolute estimates indicate an unfavorable difference in percentage body fat of 
approximately 7 and 16% in boys and girls, respectively, when 60 minutes of moderate-to-
vigorous physical activity were replaced by sleep, sedentary behavior or light physical 
activity [56]. Another characteristic of 24-hour movement behavior is the accumulation of the 
different intensities, i.e. one child can spend 30 minutes of moderate-to-vigorous physical 
activity in one bout while another can spend 30 minutes in multiple shorter bouts. The 
importance of such different patterns for health needs further research [57].  
 
Measurement of 24-hour movement behaviors 
Accurate measurement instruments, to assess children’s 24-hour movement behaviors are of 
major importance to monitor trends in these behaviors as well as establish associations with 
health and intervention effects. Whether a measurement instrument is accurate depends on 
its measurement properties. Three main domains i.e. reliability, validity and responsiveness, 
including various measurement properties can be distinguished [58].  
 
 
Reliability is defined as ‘the degree to which a measurement instrument is free from 
measurement error’ [58]. 
 
Validity is defined as ‘the degree to which a measurement instrument measures the 
construct(s) it purports to measure’ [58]. 
 
Responsiveness is defined as ‘the ability of a measurement instrument to detect change 
over time in the construct to be measured’ [58]. 
 
 
Various measurement instruments and methods for assessing physical activity, sedentary 
behavior and sleep in children have been developed and examined on their validity and 
reliability through the years [59,60,69,61–68]. Figure 2 shows an overview of the validity 
and/or reliability assessment of the different tools for assessing physical activity, sedentary 
behavior and sleep throughout the years [59,60,69,61–68].  
  
Roughly, a distinction can be made between objective measures and subjective measures. 
Examples of objective measures are doubly labeled water [70], accelerometry, and 
inclinometry [71,72]. Doubly labeled water is considered the gold standard for assessing 
total energy expenditure in adults and is similarly used in children and adolescents [73]. 
Furthermore, accelerometers are proven to be valid and reliable in assessing children’s 
physical activity [74] and valid in assessing sleep [75], while inclinometers are proven to be 
valid and reliable in assessing children’s sedentary behavior [76,77]. However, some 
limitations need to be considered: 1) all these objective measures are labor intensive and 
costly, especially in large populations [71,72]; 2) they do not provide any information on the 
context of the behavior, i.e. the type and setting of the child’s activity, or sleep quality; and 
3) both accelerometers and inclinometers are affected by the dependence on subjective 
decisions in the data reduction, e.g., the definition of non-wear time, the number of valid 
measurement days required, and the use of cut points or more sophisticated algorithms to 
define different physical activity intensities [9,78,79].   
 
Examples of subjective measures are dairies/logs, or self/proxy-report questionnaires 
[71,72]. These subjective measures, especially questionnaires, are easier to use in larger 
populations and less costly compared to objective measures. Furthermore, diaries and 
questionnaires can provide information on the context of children’s behavior, i.e. the type 
and setting of the activity, and the quality of sleep. However, recent systematic reviews have 
concluded that no valid and reliable questionnaires for assessing physical activity, sedentary 
behavior, and sleep (including all sleep domains) in children are available [60,61,63,68,80]. 
The lack of valid and reliable questionnaires might be partially explained by questionnaire 
related limitations such as social desirability and recall bias [81]. Another possible 
explanation might be the limited focus on the content validity of the available 
questionnaires. Content validity is one of the most important measurement properties 
within the validity domain for subjective measures, e.g. questionnaires [82]. A content 
validity study generally includes the examination of the relevance of items in the 
questionnaire, the comprehensiveness and understandability of the questionnaire. It is 
essential that the key population, for which the questionnaire is developed, is involved in 
the content validity assessment, as they can help assure that all included items are relevant, 
that the tool is comprehensive and understandable for the key population [82]. Lastly, many 
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Determinants of 24-hour movement behaviors 
Accurate monitoring of the duration and context of 24-hour movement behaviors is 
important to establish targets for interventions aimed at promoting these behaviors. 
Additionally, insight in the most important determinants of these behaviors is important to 
develop effective interventions. A large number of systematic reviews have summarized the 
determinants of 24-hour movement behaviors in children, which are often categorized in 5 
domains, i.e. 1) demographic and biological, 2) psychological, cognitive and emotional, 3) 
behavioral, 4) social and cultural, and 5) physical environmental [83–85]. These domains 
correspond largely with domains defined in social ecological models, e.g. the ecological 
model of active living [86]. For sedentary behavior, a prospective review only found 
consistent evidence for the determinant age [87]. A review including only prospective 
studies on determinants of physical activity, [83] only found evidence for intention as 
determinant in children and for age, ethnicity, and planning in adolescents [83]. Lastly, for 
sleep, a review summarizing only prospective studies, only found evidence for determinants 
of sleep duration and sleep timing, i.e. age, screen time, past sleep behavior, and difficult 
temperament for sleep duration, and week schedule for sleep timing. Insufficient and 
inconsistent evidence was found for determinants of sleep quality [88]. In conclusion, 
evidence for determinants of 24-hour movement behaviors in children and adolescents is 
inconsistent and limited. Moreover, the perspectives of youth themselves on behavioral 
determinants is largely lacking. 
 
Collaboration with the key population 
As children are the experts of their own behavior, including them in research that is about 
their own behavior could bring important new insights [89], i.e. they know best which 
activities they engage in and why they choose to engage in these activities. Therefore, 
obtaining insight in children’s perspectives on determinants of their 24-hour movement 
behaviors and the importance of these determinants, may improve effectiveness of future 
interventions. In addition, including the children themselves in the development of 24-hour 
movement behavior questionnaires and the assessment of the content validity of these 
questionnaires can have great benefits. Children know best what type of activities they 
engage in, therefore, they can provide essential information regarding the most important 
activity domains, e.g. sports, screen time and playing outside, that should be included in a 
questionnaire, thereby acquiring a more complete estimation of children’s time spent in 
these domains. In addition, children can provide new insights into important factors 
affecting their sleep, e.g. informing questions that are essential for assessing their subjective 
sleep quality. Lastly, children can provide essential information regarding the content 
validity of the study, e.g. whether the tool is understandable for them and covers all 
important aspects of their 24-hour movement behavior. Children from the age of 9 years old 
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activities they engage in and why they choose to engage in these activities. Therefore, 
obtaining insight in children’s perspectives on determinants of their 24-hour movement 
behaviors and the importance of these determinants, may improve effectiveness of future 
interventions. In addition, including the children themselves in the development of 24-hour 
movement behavior questionnaires and the assessment of the content validity of these 
questionnaires can have great benefits. Children know best what type of activities they 
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[92] using participatory methods with children have shown many benefits, e.g. finding new 
relevant insights, and most important, better quality measurement instruments. For 
example, a systematic review examining the benefits of using the participatory concept 
mapping method in measurement tool development and evaluation has concluded that 
using this method resulted in good psychometric properties of newly developed 
instruments, and that it provides a strong method for ensuring good content validity [92].  
 
 
Collaborating with children in research can be carried out on different levels and using 
different approaches, e.g. applying participatory research methods, co-creation, or co-
design. 
 
In participatory research, the key population is actively involved as co-researchers 
throughout the research process, with shared decision making power regarding the 
research questions, process and actions [95]. 
 
Participatory research methods are research methods in which the participants can be 
actively involved in parts of the research process [93], e.g. concept mapping, photovoice, 
and focus groups.  
 
There is no consensus on the term co-creation [94]. Within this thesis co-creation is 
defined as a research process in which the key population is actively involved in various 
phases of the research process including shared-decision making, data collection and 
data interpretation. 
 
Co-design is a term that originates from the design world, referring to an approach where 
all stakeholders are actively involved in the design process to help ensure the result meets 
their needs and is usable. Co-design can be a part of a co-creation research process, e.g. 












Aim and outline of thesis 
The primary aim of this thesis was to co-create a physical activity measurement tool for and 
together with 9-12-year-old children, which explains our primary focus on physical activity in 
some of the included studies. However, halfway through conducting this thesis, the focus 
shifted to all 24-hour movement behaviors, i.e. physical activity, sedentary behavior and 
sleep, as they are all important for optimal child health [55]. Therefore, the aim was 
extended to co-create a 24-hour movement behavior tool for and together with 9-12-year-
old children (MyDailyMoves). The secondary aim of this thesis was to examine potential 
determinants of the activity-friendliness of the environment from the adolescent 
perspective, and to examine potential determinants of children’s sedentary behavior from 
the perspectives of children and parents. This thesis starts with an exploration of the 
literature regarding the quality of existing physical activity and sedentary behavior 
questionnaires. Chapter 2 describes a systematic review on the measurement properties of 
childhood physical activity questionnaires. Chapter 3 describes a systematic review on the 
measurement properties of sedentary behavior questionnaires. Based on the findings of 
these two systematic reviews the format of the developed measurement tool 
(MyDailyMoves) was chosen. Next, this thesis describes the development of the 24-hour 
movement behavior tool in collaboration with children and the assessment of its 
measurement properties. Chapter 4 describes the process of co-creating the content of 
MyDailyMoves using mixed methods, i.e. photovoice, concept mapping, and literature 
reviews, and the assessment of the content validity of the tool using focus groups. Chapter 
5 describes the adolescents’ perspective on the activity-friendliness of their environment 
using the concept mapping method. Chapter 6 describes the determinants of children’s 
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Accurate measurement of child sedentary behavior is necessary for monitoring trends, 
examining health effects, and evaluating the effectiveness of interventions.  
Objectives: We therefore aimed to summarize studies examining the measurement 
properties of self-report or proxy-report sedentary behavior questionnaires for children and 
adolescents under the age of 18 years. Additionally, we provided an overview of the 
characteristics of the evaluated questionnaires. 
Methods 
We performed systematic literature searches in the EMBASE, PubMed, and SPORTDiscus 
electronic databases. Studies had to report on at least one measurement property of a 
questionnaire assessing sedentary behavior. Questionnaire data were extracted using a 
standardized checklist, i.e. the Quality Assessment of Physical Activity Questionnaire 
(QAPAQ) checklist, and the methodological quality of the included studies was rated using a 
standardized tool, i.e. the COnsensus-based Standard for the selection of health 
Measurement INstruments (COSMIN) checklist.  
Results 
Forty-six studies on 46 questionnaires met our inclusion criteria, of which 33 examined test-
retest reliability, nine examined measurement error, two examined internal consistency, 22 
examined construct validity, eight examined content validity, and two examined structural 
validity. The majority of the included studies were of fair or poor methodological quality. Of 
the studies with at least a fair methodological quality, six scored positive on test-retest 
reliability, and two scored positive on construct validity. 
Conclusion 
None of the questionnaires included in this review were considered as both valid and 
reliable. High quality studies on the most promising questionnaires are required, with more 















Sedentary behavior is defined as activities performed in a seated or lying posture with very 
low energy expenditure (<1,5 metabolic equivalents [METs]) [1]. Sedentary behavior 
comprises a wide variety of activities, e.g. watching television, quiet play, passive transport, 
and studying. Excessive engagement in sedentary activities is seen in countries all over the 
world, i.e. 68% of girls and 66% of boys from 40 different countries in North America and 
Europe watch television for two or more hours per day [2]. Moreover, screen time seems to 
cover only a small part of the total time spent sedentary [3].  
 
The relationship between sedentary behavior and health risks in children and adolescents is 
therefore of great interest. A recent review of reviews found strong evidence for an 
association between sedentary behavior and obesity in children [4]. Furthermore, moderate 
evidence for an association between blood pressure, physical fitness, total cholesterol, 
academic achievements, social behavioral problems, self-esteem and sedentary behavior 
was found [4]. However, a major part of the existing evidence is based on cross-sectional 
studies, and subsequently no conclusion about causality can be drawn. Furthermore, 
sedentary behavior is often assessed using measurement instruments with inadequate or 
unknown measurement properties, and in some cases only screen time as an indicator of 
total sedentary time is assessed. Reviews examining the prospective relationship between 
sedentary behavior and different health outcomes concluded that there is no convincing 
evidence [5]. In addition, the evidence varied across type of measurement instrument and 
type of sedentary behavior [6]. 
 
Accelerometers and inclinometers are acknowledged as both valid and reliable instruments 
for measuring sedentary behavior in children and adolescents [7–9]; however, these 
measures are labor-intensive for researchers and are costly [10], and cannot provide 
information on the type and setting of sedentary behavior. Additionally, accelerometers 
cannot properly distinguish standing from sitting [11]. On the other hand, self- or proxy-
report questionnaires are relatively inexpensive, and easy to administer [10,12]. Moreover, 
they can provide information on the type and setting of sedentary behavior. However, the 
use of questionnaires is not without limitations as social desirability and problems with 
accuracy of recall are factors of bias [12,13].  
 
A combination of objective measures such as inclinometers providing information on 
duration and interruptions, and self-report providing information on the type and setting of 
sedentary behavior, would be optimal for measuring sedentary behavior. Different 
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sedentary behavior, would be optimal for measuring sedentary behavior. Different 
questionnaires for specific target populations have been developed, using different recall 




periods and formats, measuring different types and settings of sedentary behavior, and with 
different outcomes for measurement properties. This large variety of questionnaires 
available makes it difficult to choose the best instrument when conducting a research; 
therefore, an overview of the measurement properties and characteristics of existing 
sedentary behavior questionnaires is highly warranted. 
 
In 2011, Lubans et al. [7] reviewed studies examining the validity and reliability of 
questionnaires measuring sedentary behavior, indicating mixed results for both validity and 
reliability. As the amount of studies assessing the measurement properties of sedentary 
behavior questionnaires in children and adolescents has more than doubled since then, an 
update is required. Furthermore, an overview of the characteristics (e.g. target population, 
setting measured, recall period) of the included questionnaires was not incorporated in the 
review of Lubans et al., and studies in children under the age of 3 years were excluded [7]. 
Therefore, the aim of this review was to summarize studies that focused on assessing the 
measurement properties (e.g. validity, reliability, responsiveness) of self- or proxy-report 
questionnaires assessing (constructs of) sedentary behavior in children and adolescents 
under the age of 18 years, including a methodological quality assessment. Moreover, a 




This review was registered at PROSPERO, the international prospective register of 
systematic reviews (registration number: CRD42016035963), and the Preferred Reporting 




Systematic literature searches were carried out using the PubMed, SPORTDiscus (complete 
database up until December 2015), and EMBASE (complete database up until November 
2015) databases. In PubMed, search terms were used in ‘AND’ combination and related to 
the following topics: ‘sedentary behavior’, ‘children’, (e.g. child, childhood, sedentary time, 
prolonged sitting) and ‘measurement properties’ (e.g. reliability, reproducibility, validity, 
responsiveness). The search was limited to humans and a variety of publication types (e.g. 
case reports, biography) were excluded (by using the ‘NOT’ combination). Free-text, 
Medical Subject Heading (MeSH), and Title/Abstract (TIAB) search terms were used. In 
SPORTDiscus, search terms regarding ‘children’ and ‘sedentary behavior’ were used in 
‘AND’ combination. Search terms were used as title and abstract words. In EMBASE both 
TIAB and EMTREE ‘sedentary behavior’ and ‘measurement properties’ search terms were 
 
  
used in ‘AND’ combination, and the EMBASE limits for children (e.g. infant, child) were 
applied (‘AND’ combination). In addition, reference lists and author databases were 
screened for additional studies. The full search strategies can be found in electronic 
supplementary material Appendix S1. 
 
Inclusion and Exclusion Criteria 
Studies were included if they met the following criteria: (i) the study evaluated one or more 
of the measurement properties of a self- or proxy-report questionnaire, including sedentary 
behavior items; (ii) the aim of the questionnaire was to measure one or more of the 
constructs and dimensions of sedentary behavior; (iii) the average age of the study 
population was <18 years; and (iv) the study was published in the English language. 
Exclusion criteria were: (i) studies examining questionnaires including physical activity and 
sedentary behavior items that had no separate score for sedentary behavior items; (ii) 
studies only reporting correlations between sedentary behavior constructs and non-
sedentary constructs (e.g. correlation of self-reported or proxy-reported sedentary behavior 
with total activity counts measured by accelerometry); and (iii) studies evaluating the 
measurement properties of the questionnaire in a clinical sample. 
 
Selection Procedures 
Two reviewers (TA and LH) independently selected studies of potential relevance based on 
titles and abstracts. Thereafter, both reviewers checked whether the full-texts met the 
inclusion criteria. A third reviewer (MC) was consulted when inconsistencies arose.  
 
Data Extraction 
Two independent reviewers (TA and LH), extracted data regarding the characteristics of the 
questionnaire under study, as well as the methods and results of the assessed measurement 
properties of the questionnaire, using structured forms. Disagreement between reviewers 
with respect to data extraction was discussed until consensus was reached. 
 
Data regarding the questionnaire characteristics were extracted using the Quality 
Assessment of Physical Activity Questionnaire (QAPAQ) Checklist, Part 1, which appraises 
the qualitative attributes of physical activity questionnaires [14]. Although originally 
developed for physical activity questionnaires, the QAPAQ checklist was also considered 
appropriate for sedentary behavior, as physical activity and sedentary behavior 
questionnaires have similar structures and formats. Five of the nine checklist items were 
considered necessary to provide an informative summary of sedentary behavior 
questionnaires: (i) the constructs measured by the questionnaire e.g. watching television, 
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Selection Procedures 
Two reviewers (TA and LH) independently selected studies of potential relevance based on 
titles and abstracts. Thereafter, both reviewers checked whether the full-texts met the 
inclusion criteria. A third reviewer (MC) was consulted when inconsistencies arose.  
 
Data Extraction 
Two independent reviewers (TA and LH), extracted data regarding the characteristics of the 
questionnaire under study, as well as the methods and results of the assessed measurement 
properties of the questionnaire, using structured forms. Disagreement between reviewers 
with respect to data extraction was discussed until consensus was reached. 
 
Data regarding the questionnaire characteristics were extracted using the Quality 
Assessment of Physical Activity Questionnaire (QAPAQ) Checklist, Part 1, which appraises 
the qualitative attributes of physical activity questionnaires [14]. Although originally 
developed for physical activity questionnaires, the QAPAQ checklist was also considered 
appropriate for sedentary behavior, as physical activity and sedentary behavior 
questionnaires have similar structures and formats. Five of the nine checklist items were 
considered necessary to provide an informative summary of sedentary behavior 
questionnaires: (i) the constructs measured by the questionnaire e.g. watching television, 
passive transport, quiet play, total sedentary behavior; (ii) the setting e.g. at home, at 




school, leisure time; (iii) the recall period; (iv) the target population for whom the 
questionnaire was developed; and (v) the format including the dimensions (i.e. duration, 
frequency), the number of questions, and the number and type of response categories. In 
addition, the following data regarding the methods and results of the assessed 
measurement properties were extracted: study sample, comparison measure, time interval, 
statistical methods, and results for each measurement property. 
 
Methodological Quality Assessment 
Methodological quality of the studies was assessed using a slightly modified version of the 
COnsensus-based Standards for the selection of health Measurement INstruments 
(COSMIN) checklist with a 4-point scale (i.e. excellent, good, fair, or poor) [15–17]. Two 
independent reviewers (LH, and either MC, CT, or LM) assessed the methodological quality 
of each study, and disagreements were discussed until consensus was reached. The final 
methodological quality score was determined by applying the ‘worse score counts’ method 
(i.e. if one item was scored ‘poor’, the final score of the methodological quality was scored 
as ‘poor’) for each study separately.  
 
Reliability, measurement error, internal consistency, and structural validity were rated using 
the designated COSMIN boxes, while convergent, criterion and construct validity were 
rated as construct validity. None of the studies examined criterion validity, although this 
term was used in some studies that actually assessed construct validity. Content validity was 
not rated as too little information was available on the methods used for developing the 
questionnaire. Instead, a description of the questionnaire was included in the results 
section. None of the included studies examined the responsiveness of sedentary behavior 
questionnaires in children or adolescents.  
 
One slight modification was applied to the original COSMIN, i.e. the percentage agreement 
was added as an excellent statistical method in the measurement error box as it is 
considered a parameter of measurement error rather than reliability [18]. For completing the 
reliability box, standards previously described by Chinapaw et al. [19] were used to assess 
the appropriateness of the time interval in a test-retest reliability study; i.e. (i) questionnaires 
recalling a usual week should have a time interval between >1 day and <3 months; (ii) 
questionnaires recalling the previous week should have a time interval between >1 day and 
<2 weeks; and (iii) questionnaires recalling the previous day should have a time interval 






Questionnaire Quality Assessment 
Reliability 
Reliability refers to the extent to which scores for persons who have not changed are the 
same, with repeated measurement under several conditions [20]. The outcomes regarding 
reliability of the included questionnaires were seen as acceptable in the following situations: 
(i) an outcome of >0.70 for intraclass correlations and kappa values [21]; or (ii) an outcome 
of >0.80 for Pearson and Spearman correlations as a result of not taking systematic errors 
into account [22]. For an adequate measurement error the smallest detectable change (SDC) 
should be smaller than the minimal important change (MIC) [21]. Internal consistency was 
considered as acceptable when Cronbach’s alphas were calculated on unidimensional scales 
and were between 0.70 and 0.95 [21].  
 
The majority of studies provided separate correlations for the different constructs of 
sedentary behaviour, as presented in the questionnaire, e.g. providing separate correlations 
for watching television, passive transport, and reading. Therefore, to obtain a final reliability 
rating, an overall evidence rating was applied in the present review, incorporating all 
available correlations for each questionnaire per study. A questionnaire received a positive 
evidence rating (+) when there were ≥80% acceptable correlations, a mixed evidence rating 
(+/-) when the acceptable correlations were ≥50% and <80%, and a negative rating (-) when 
there were <50% acceptable correlations. No evidence rating for measurement error could 
be conducted as information on the MIC is currently lacking for all included questionnaires, 




Validity refers to the degree to which a measurement instrument measures what it is 
supposed to measure [20]. Validity concerns three measurement properties, i.e. content 
validity, structural validity, and construct validity. Content validity refers to the degree to 
which the content of a questionnaire adequately reflects the constructs to be measured [20]; 
structural validity refers to the degree to which the scores of a questionnaire are an 
adequate reflection of the dimensionality of the construct to be measured [20]; and 
construct validity refers to the degree to which the scores of a measurement instrument 
agree with hypotheses, e.g. agreement with scores of another measurement instrument [20]. 
In case of structural validity, a factor analysis was considered appropriate if the explained 
amount of variance by the extracted factors was at least 50% of when the comparative fit 
index (CFI) was >0.95 [21,22]. However, as most included construct validity studies lacked a 
priori formulated hypotheses it was unclear what was expected, making it difficult to 
interpret these results. Table 1 presents criteria for judging results of construct validity 
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term was used in some studies that actually assessed construct validity. Content validity was 
not rated as too little information was available on the methods used for developing the 
questionnaire. Instead, a description of the questionnaire was included in the results 
section. None of the included studies examined the responsiveness of sedentary behavior 
questionnaires in children or adolescents.  
 
One slight modification was applied to the original COSMIN, i.e. the percentage agreement 
was added as an excellent statistical method in the measurement error box as it is 
considered a parameter of measurement error rather than reliability [18]. For completing the 
reliability box, standards previously described by Chinapaw et al. [19] were used to assess 
the appropriateness of the time interval in a test-retest reliability study; i.e. (i) questionnaires 
recalling a usual week should have a time interval between >1 day and <3 months; (ii) 
questionnaires recalling the previous week should have a time interval between >1 day and 
<2 weeks; and (iii) questionnaires recalling the previous day should have a time interval 






Questionnaire Quality Assessment 
Reliability 
Reliability refers to the extent to which scores for persons who have not changed are the 
same, with repeated measurement under several conditions [20]. The outcomes regarding 
reliability of the included questionnaires were seen as acceptable in the following situations: 
(i) an outcome of >0.70 for intraclass correlations and kappa values [21]; or (ii) an outcome 
of >0.80 for Pearson and Spearman correlations as a result of not taking systematic errors 
into account [22]. For an adequate measurement error the smallest detectable change (SDC) 
should be smaller than the minimal important change (MIC) [21]. Internal consistency was 
considered as acceptable when Cronbach’s alphas were calculated on unidimensional scales 
and were between 0.70 and 0.95 [21].  
 
The majority of studies provided separate correlations for the different constructs of 
sedentary behaviour, as presented in the questionnaire, e.g. providing separate correlations 
for watching television, passive transport, and reading. Therefore, to obtain a final reliability 
rating, an overall evidence rating was applied in the present review, incorporating all 
available correlations for each questionnaire per study. A questionnaire received a positive 
evidence rating (+) when there were ≥80% acceptable correlations, a mixed evidence rating 
(+/-) when the acceptable correlations were ≥50% and <80%, and a negative rating (-) when 
there were <50% acceptable correlations. No evidence rating for measurement error could 
be conducted as information on the MIC is currently lacking for all included questionnaires, 




Validity refers to the degree to which a measurement instrument measures what it is 
supposed to measure [20]. Validity concerns three measurement properties, i.e. content 
validity, structural validity, and construct validity. Content validity refers to the degree to 
which the content of a questionnaire adequately reflects the constructs to be measured [20]; 
structural validity refers to the degree to which the scores of a questionnaire are an 
adequate reflection of the dimensionality of the construct to be measured [20]; and 
construct validity refers to the degree to which the scores of a measurement instrument 
agree with hypotheses, e.g. agreement with scores of another measurement instrument [20]. 
In case of structural validity, a factor analysis was considered appropriate if the explained 
amount of variance by the extracted factors was at least 50% of when the comparative fit 
index (CFI) was >0.95 [21,22]. However, as most included construct validity studies lacked a 
priori formulated hypotheses it was unclear what was expected, making it difficult to 
interpret these results. Table 1 presents criteria for judging results of construct validity 
studies. Level 1 indicates strong evidence, level 2 indicates moderate evidence, and level 3 
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indicates weak evidence, yet worthwhile to investigate further. Similar to the reliability 
rating, an overall evidence rating for construct validity was applied, incorporating all 
available correlations provided for each questionnaire per study. As no hypotheses for 
validity were available in relation to mean differences and limits of agreement, only a 
description of the results is included in the results section.  
 
Table 1. Constructs of sedentary behavior measured by the questionnaires evaluating 
construct validity, subcategorized by level of evidence and criteria for acceptable 
correlations. 
Constructs of sedentary 
behavior measured 
Level 1 Level 2 Level 3 
Sedentary behavior, all 
constructs (i.e. including 
at least screen time and 
non-screen leisure time 
activities, e.g. quiet 
play/hobbies/social 
activities, school/study 
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Accelerometer lower 
or higher than 100 
cpm ≥0.40 
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Diary, logs ≥0.60 
 
 







Accelerometer ≥ 0.40 
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all constructs or time 
frames (e.g. excluding 
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Table 1 continued 
 
  
Constructs of sedentary 
behavior measured 
Level 1 Level 2 Level 3 
Accelerometer lower 
or higher than 100 
cpm ≥0.40 
a Time frame of questionnaire matches that of the accelerometer (e.g. both measures included total daytime) 
b Time frame of questionnaire (e.g. data included parts of daytime or excluded classroom sitting) 




A total of 3049, 4384, and 2016 studies were identified in the PubMed, EMBASE, and 
SPORTDiscus databases, respectively. After removing duplicates 7904 studies remained. 
After screening titles and abstracts 72 full-text papers were assessed for eligibility, of which 
30 met the inclusion criteria. Another 16 studies were found through cross-references 
searches. Eventually, 46 studies on 46 questionnaires were included (Figure 1), of which 33 
assessed test-retest reliability, nine assessed measurement error, two assessed internal 
consistency, 22 assessed construct validity, eight assessed content validity, and two 
assessed structural validity. Two of the included questionnaires were assessed by two 
studies, i.e. the Patient Reported Outcome Measurement Information System [23,24], and 
the Girls Health Enrichment Multi-site Studies Activity Questionnaire [25,26]. In addition, 
multiple modified versions of questionnaires were examined by the included studies, i.e. 
two versions of the Canadian Health Measures Survey [27,28], the Adolescent Sedentary 
Activity Questionnaire [29,30], the International Physical Activity Questionnaire–Short Form 
[31,32], and the Youth Risk Behavior Survey [33,34]. Furthermore, three versions of the Self-
Administered Physical Activity Checklist [35–37] and the Health Behavior in School-aged 
Children were included [38–40]. The remaining questionnaires were only examined by one 
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Figure 1. PRISMA flow diagram of study inclusion process. PRISMA preferred reporting 
items for systematic reviews and meta-analyses. 
 
Description of Questionnaires 
Electronic supplementary material Table S1 provides a description of the included 
questionnaires, stratified by age group, i.e. preschoolers younger than 6 years of age, 
children aged between 6 and 12 years, and adolescents from the age of 12 years. Of the 
included questionnaires, 8 were designed for preschoolers, 24 were designed for children, 
and 14 were designed for adolescents. Nineteen of the questionnaires merely focused on 
screen time, while 27 focused on a variety of constructs of sedentary behavior. Response 
categories were mostly categorical (e.g. Likert scale) or continuous (e.g. time spent, in hours 
and/or minutes). Recall periods varied across questionnaires, including past few months, last 




Table 2 summarizes the test-retest reliability studies, of which four were in preschoolers, 18 
were in children, and 11 were in adolescents and older children. None of the studies 
received an excellent methodological quality rating, 9 had a good rating, 17 had a fair 
rating, 6 had a poor rating, and 1 of the studies received both a fair rating and a poor rating 
due to the use of multiple time intervals. A small sample size and no description of how 
missing items were handled were the major reasons for the low methodological quality 
ratings. In preschoolers the Energy Balance-Related Behaviors self-administered primary 
caregiver questionnaire [41] seemed the most reliable, currently available questionnaire for 
assessing sedentary behavior, although the methodological quality of this study was only 
rated as fair and the evidence was mixed. For children and adolescents, the most reliable, 
currently available questionnaires were the Sedentary Behavior and Sleep Scale [42] (i.e. 
good methodological quality, mixed evidence rating) and the Adolescent Sedentary Activity 
Questionnaire (Brazilian version) [30] (i.e. fair methodological quality, positive evidence 
rating), respectively.  
 
Measurement Error 
Table 3 shows an overview of the nine studies that assessed the measurement error of 
questionnaires. One of the included measurement error studies received a good 
methodological quality rating, while eight of the studies received a fair rating, 
predominantly due to the lack of describing how missing items were handled. The 
questionnaires showing the highest percentage of agreement between two measurements 
are the ‘Questionnaire for measuring length of sleep, television habits and computer habits’ 
[43], and the ‘Measures of out-of-school sedentary and travel behaviors of the iHealt(H) 
study’ [44], for children and adolescents, respectively.  
 
Internal Consistency 
Internal consistency was analyzed in two of the included studies, demonstrating acceptable 
Cronbach’s alphas (i.e. 0.75 for the unidimensional sedentary lifestyle subscale [34], and 
0.78 for the unidimensional sedentary behavior subscale [45]). The methodological quality 
was rated as good and excellent, respectively. 
 
Construct Validity 
Of the included construct validity studies, 3 included preschoolers as a study population, 13 
studies included children, and 6 included adolescents and older children. Table 4 
summarizes the construct validity studies (n=21) examining the relationship of the 
questionnaire with other measurement instruments. None of these studies received an 





Figure 1. PRISMA flow diagram of study inclusion process. PRISMA preferred reporting 
items for systematic reviews and meta-analyses. 
 
Description of Questionnaires 
Electronic supplementary material Table S1 provides a description of the included 
questionnaires, stratified by age group, i.e. preschoolers younger than 6 years of age, 
children aged between 6 and 12 years, and adolescents from the age of 12 years. Of the 
included questionnaires, 8 were designed for preschoolers, 24 were designed for children, 
and 14 were designed for adolescents. Nineteen of the questionnaires merely focused on 
screen time, while 27 focused on a variety of constructs of sedentary behavior. Response 
categories were mostly categorical (e.g. Likert scale) or continuous (e.g. time spent, in hours 
and/or minutes). Recall periods varied across questionnaires, including past few months, last 




Table 2 summarizes the test-retest reliability studies, of which four were in preschoolers, 18 
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currently available questionnaires were the Sedentary Behavior and Sleep Scale [42] (i.e. 
good methodological quality, mixed evidence rating) and the Adolescent Sedentary Activity 
Questionnaire (Brazilian version) [30] (i.e. fair methodological quality, positive evidence 
rating), respectively.  
 
Measurement Error 
Table 3 shows an overview of the nine studies that assessed the measurement error of 
questionnaires. One of the included measurement error studies received a good 
methodological quality rating, while eight of the studies received a fair rating, 
predominantly due to the lack of describing how missing items were handled. The 
questionnaires showing the highest percentage of agreement between two measurements 
are the ‘Questionnaire for measuring length of sleep, television habits and computer habits’ 
[43], and the ‘Measures of out-of-school sedentary and travel behaviors of the iHealt(H) 
study’ [44], for children and adolescents, respectively.  
 
Internal Consistency 
Internal consistency was analyzed in two of the included studies, demonstrating acceptable 
Cronbach’s alphas (i.e. 0.75 for the unidimensional sedentary lifestyle subscale [34], and 
0.78 for the unidimensional sedentary behavior subscale [45]). The methodological quality 
was rated as good and excellent, respectively. 
 
Construct Validity 
Of the included construct validity studies, 3 included preschoolers as a study population, 13 
studies included children, and 6 included adolescents and older children. Table 4 
summarizes the construct validity studies (n=21) examining the relationship of the 
questionnaire with other measurement instruments. None of these studies received an 
excellent or good methodological quality rating, 5 received a fair rating, and 16 were rated 




as poor. Major reasons for the low methodological quality scores were both the lack of a 
priori formulated hypotheses and the use of comparison measures with unknown 
measurement properties. In preschoolers, the Direct Estimate [46] seemed the most valid, 
currently available, sedentary behavior questionnaire as it received a positive level 2 
evidence rating and a fair methodological quality rating. In children, the Youth Activity 
Profile [47] seemed the most valid questionnaire as it received a positive level 2 evidence 
rating and a fair methodological quality. Studies in adolescents only received negative 
evidence ratings, thus no final conclusion regarding the most valid sedentary behavior 
questionnaires can be drawn. One of the construct validity studies was not included in table 
4 [45], as it examined construct validity by testing a hypothesis with regard to differences in 
scores between known groups. On the Energy Retention Behavior Scale, scores for known 
group validity demonstrated statistically significant higher scores for overweight or obese 




Two of the included studies analyzed the structural validity of the questionnaire, i.e. the 
Korean Youth Risk Behavior Survey (KYRBS) [34] and the Energy Retention Behavior Scale 
for Children (ERB-C scale) [45]. Structural validity was assessed by performing confirmatory 
factor analysis. The KYRBS includes five subscales, including one sedentary lifestyle 
subscale, while the ERB-C scale includes two subscales, one of which is sedentary behavior. 
Both studies showed acceptable fit of the expected factor structures, i.e. Normed Fit Index 
(NFI) 0.960, Turker-Lewis Index (TLI) 0.956, CFI 0.969, and root mean squared error of 
approximation (RMSEA) 0.034 for the KYRBS [34], and NFI 0.91, non-NFI (NNFI) 0.92, CFI 
0.95, and RMSEA 0.08 for the ERB-C scale [45]. The methodological quality was rated as 
good and excellent, respectively.  
 
Content Validity 
Eight studies evaluated the content validity of the questionnaire, of which four 
predominantly focused on the comprehensibility of the questionnaire by asking children or 
parents about, for example, terminology, appropriateness of reading level, ambiguity, and 
other difficulties [29,43,45,48]. The other four studies focused on the content of the 
questionnaire by consulting experts, e.g. researchers active in the field of physical activity, 
about, for example, relevance of items [30,43,45,48]. Due to the minimal information about 
the procedures available in the greater part of the included studies, it was impossible to 
assess the quality of the content validity studies and to thus interpret the results. In addition, 
in seven of the included studies, pilot testing of the questionnaire for comprehensibility was 
incorporated. Unfortunately, too little information was provided to assess the methodology 
 
  
of the content validity examination [37,44,47,49–52]. Additionally, translation processes 
were mentioned in six [24,30,41,44,53,54] of the included studies. Due to minimal 





The aim of this review was to summarize existing evidence on the measurement properties 
of self-report or proxy-report questionnaires assessing sedentary behavior in children and 
adolescents under the age of 18 years. Additionally, we summarized the characteristics of 
the included self-report and proxy-report questionnaires. Our summary yielded a wide 
variety of questionnaires, designed for different target populations and assessing different 
constructs and dimensions of sedentary behavior. Test-retest reliability correlations of the 
included questionnaires ranged from 0.06 to 0.97. In addition, correlations found for 
construct validity ranged from -0.16 to 0.84. Although a number of studies received a 
positive evidence rating for test-retest reliability or construct validity, the methodological 
quality of the studies was mostly rated as fair or poor. Unfortunately, no questionnaires 
assessing total sedentary behavior or other constructs of sedentary behavior with both a 
positive evidence rating for reliability and for validity were available. Hence, we have no 
conclusive recommendation about the best available sedentary behavior self-report or 
proxy-report questionnaire in children and adolescents.  
 
Reliability and Measurement Error 
As the methodological quality of the included studies assessing test-retest reliability and/or 
measurement error was mainly rated as fair or poor, no definite conclusion can be drawn 
about the reliability of the majority of the examined sedentary behavior questionnaires. 
Moreover, the lack of multiple studies assessing the same questionnaire in the same target 
population further limited the ability to draw final conclusions. To achieve higher 
methodological quality for both reliability and measurement error we recommend that 
future studies include detailed descriptions of the methods used, e.g. how missing items 
were handled, and to include an appropriate sample size [15,17]. Additionally, as 
correlations varied across different recall periods (e.g. usually, or yesterday), and different 
time frames and constructs of sedentary behavior (e.g. weekdays and weekend days, overall 
sedentary behavior, and watching television), no conclusion can be drawn about specific 
time frames or constructs of sedentary behavior being more reliable than others. 
Additionally, when measurement errors occur, information on the MIC should be available 
to allow interpretation of the results [21]. To the best of our knowledge, no information on 
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Due to the low methodological quality of the included studies examining validity, and the 
lack of multiple studies assessing the same questionnaire, no conclusive conclusion can be 
drawn about the validity of the examined questionnaires. We specifically recommend future 
validity studies to describe a priori hypotheses, and choose comparison measures with 
known and acceptable measurement properties. The low methodological quality of all 
included validity studies might partly explain the high prevalence of negative evidence 
ratings, i.e. <50 % acceptable correlations.   
 
Studies demonstrating acceptable correlations often used comparison measures providing 
weaker levels of evidence, i.e. other questionnaires or cognitive interviews (level 3 
evidence). In general, higher correlations were found when lower levels of evidence 
comparison measures were used. A possible explanation might be the equivalence of 
dependence on recall in both the questionnaire under study and the comparison measure, 
i.e. other questionnaires or cognitive interviews, compared with objective, higher levels of 
evidence comparison measures, e.g. inclinometers and accelerometers. Other potential 
factors that may explain the low correlations may be inadequate content validity, the lack of 
a gold standard, and a mismatch in time frames between questionnaire and comparison 
measures. As the studies lack information about the development of the questionnaires (e.g. 
a justification of the constructs included, and the dimensions measured), and lack 
appropriate testing of the relevance, comprehensiveness, and comprehensibility of the 
content of the questionnaires, it remains unclear whether the content validity of the 
included questionnaires is acceptable. Evaluating the content validity of questionnaires is 
essential to obtaining insight into the comprehensibility of the questionnaire for the target 
population, and to ensure all relevant aspects of the construct are measured and that no 
irrelevant aspects are included [20]. Without evaluating these aspects of validity, there is no 
certainty the questionnaire measures what it is supposed to measure. The limited attention 
to content validity is also shown by the wide variety of constructs (e.g. watching television, 
quiet play, studying), and dimensions (e.g. duration and frequency) being measured by the 
included questionnaires. A justification of these choices is lacking. Only two studies by 
Tucker et al. [23,24], provided sufficient description and support for the development of 
their questionnaire, e.g. experts of the field and the target population were consulted and 
contributed to the content of the questionnaire.  
 
Furthermore, studies using a translated version of an existing questionnaire often did not 
report sufficient information about the translation processes. Only the studies by de Fátima 
Guimarāes et al. [30] and Tucker et al. [24] included adequate descriptions of the translation 
process, e.g. translations by language experts, and review by experts in the field. Moreover, 
cross-cultural validation of the translated questionnaires was often not conducted, making it 
 
  
impossible to examine whether the questionnaire truly measured the same constructs as the 
original questionnaire [22].  
 
Additionally, the available objective measures of sedentary behavior, e.g. inclinometers or 
accelerometers, are still subject to subjectivity e.g. the definition of non-wear time, the 
minimum number of valid hours per day and number of valid days, and the selection of a 
cut point for sedentary behavior remain subjective decisions. The accelerometer cut points 
for sedentary behavior in the included studies varied from <100 cpm to <699 cpm, leading 
to different estimates of sedentary time. Importantly, constructs measured by questionnaire 
and accelerometer may not correspond when cut points deviating from <100 cpm are 
applied [55], as measured constructs may not match, i.e. it may exclude parts of sedentary 
time or include light physical activity, respectively. The problem of mismatched constructs 
also occurs in some cases due to non-corresponding time frames addressed by the 
measurement instrument and the comparison measures, e.g. leisure time versus all day.  
 
Strengths and Limitations 
A major strength of our review is that the methodological quality rating was performed 
separately from the interpretation of the findings. This makes the final evidence rating more 
transparent, e.g. whether negative evidence ratings are due to low-quality questionnaires in 
case of good or excellent methodological quality studies, or may be biased, in case of poor 
methodological quality. Additionally, through structured cross-reference searches, we also 
included studies that were not primarily aimed at examining measurement properties. 
Another strength is that at least two independent authors conducted the literature search 
and data extraction, as well as the quality rating. However, our review also has limitations. 
As most included studies did not report all details needed for an adequate quality rating, 
the quality ratings of the studies may have been underestimated. We did not contact 
authors for additional information, as this would favor recent studies over older studies, 
thereby optimizing quality ratings of recent papers. Furthermore, only English-language 
papers were included, and as a result we might have missed relevant studies. Moreover, in 
some studies that were found through cross-reference searches, examining the 
measurement properties was not the primary aim. There is a possibility that not all such 
studies were found through cross-reference searches, yet finding these studies through 
systematic literature searches seems impossible as information on the assessment of 
measurement properties or sedentary behavior assessment by the questionnaires is lacking 
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Tucker et al. [23,24], provided sufficient description and support for the development of 
their questionnaire, e.g. experts of the field and the target population were consulted and 
contributed to the content of the questionnaire.  
 
Furthermore, studies using a translated version of an existing questionnaire often did not 
report sufficient information about the translation processes. Only the studies by de Fátima 
Guimarāes et al. [30] and Tucker et al. [24] included adequate descriptions of the translation 
process, e.g. translations by language experts, and review by experts in the field. Moreover, 
cross-cultural validation of the translated questionnaires was often not conducted, making it 
 
  
impossible to examine whether the questionnaire truly measured the same constructs as the 
original questionnaire [22].  
 
Additionally, the available objective measures of sedentary behavior, e.g. inclinometers or 
accelerometers, are still subject to subjectivity e.g. the definition of non-wear time, the 
minimum number of valid hours per day and number of valid days, and the selection of a 
cut point for sedentary behavior remain subjective decisions. The accelerometer cut points 
for sedentary behavior in the included studies varied from <100 cpm to <699 cpm, leading 
to different estimates of sedentary time. Importantly, constructs measured by questionnaire 
and accelerometer may not correspond when cut points deviating from <100 cpm are 
applied [55], as measured constructs may not match, i.e. it may exclude parts of sedentary 
time or include light physical activity, respectively. The problem of mismatched constructs 
also occurs in some cases due to non-corresponding time frames addressed by the 
measurement instrument and the comparison measures, e.g. leisure time versus all day.  
 
Strengths and Limitations 
A major strength of our review is that the methodological quality rating was performed 
separately from the interpretation of the findings. This makes the final evidence rating more 
transparent, e.g. whether negative evidence ratings are due to low-quality questionnaires in 
case of good or excellent methodological quality studies, or may be biased, in case of poor 
methodological quality. Additionally, through structured cross-reference searches, we also 
included studies that were not primarily aimed at examining measurement properties. 
Another strength is that at least two independent authors conducted the literature search 
and data extraction, as well as the quality rating. However, our review also has limitations. 
As most included studies did not report all details needed for an adequate quality rating, 
the quality ratings of the studies may have been underestimated. We did not contact 
authors for additional information, as this would favor recent studies over older studies, 
thereby optimizing quality ratings of recent papers. Furthermore, only English-language 
papers were included, and as a result we might have missed relevant studies. Moreover, in 
some studies that were found through cross-reference searches, examining the 
measurement properties was not the primary aim. There is a possibility that not all such 
studies were found through cross-reference searches, yet finding these studies through 
systematic literature searches seems impossible as information on the assessment of 
measurement properties or sedentary behavior assessment by the questionnaires is lacking 








Recommendations for Future Studies 
Studies focusing on the development of questionnaires need to pay more attention to 
content validity. Moreover, the content validity of currently available questionnaires needs 
to be examined by testing the relevance, comprehensiveness, and comprehensibility of the 
content of the questionnaires, using appropriate qualitative methods [22]. The COSMIN 
group is currently developing detailed standards for assessing content validity of health 
status questionnaires, which may also be useful for assessing content validity of sedentary 
behavior questionnaire (see http://www.cosmin.nl for more information). Criteria that, in our 
opinion, need to be considered are (i) a clear description and adequate reflection of the 
construct to be measured; (ii) comprehensibility of questions; (iii) appropriate response 
options; (iv) appropriate recall period; (v) appropriate mode of administration; and (vi) an 
appropriate scoring algorithm. A justification of choices needs to be provided, for example 
based on input from experts in the field and the target population.  
 
More high quality research on construct validity, reliability, measurement error, and 
responsiveness of the questionnaire is also needed, as well as studies on internal 
consistency and structural validity for questionnaires where this is applicable. To acquire 
high methodological quality studies, we recommend using a standardized tool, e.g. the 
COSMIN checklist [16,56]. This tool can be used for the design of the study and provides an 
overview of what should be reported. Additionally, we recommend that when reviewers and 
journal editors evaluate studies, they take into consideration whether the investigators used 
such a standardized tool in order to prevent publishing of studies with inadequate 
information and low methodological quality. This need for a standardized tool for the 
assessment of measurement properties is consistent with recommendations by Kelly et al. 
[57].   
 
In addition, for the construct validity of questionnaires assessing total sedentary time, we 
recommend using more objective, high-level evidence, comparison measures with available 
and acceptable measurement properties, e.g. inclinometers or accelerometers, instead of 
using measurement instruments with unknown or unacceptable measurement properties. 
Furthermore, appropriate accelerometer cut points for sedentary behavior need to be 
applied, e.g. <100 cpm [54,55]. However, as the accuracy of accelerometers for measuring 
sedentary behavior remains questionable, and distinguishing sitting from standing quietly 
remains problematic [11], we recommend using the activPAL as an objective comparison 
measure for total sedentary time [9]. Importantly, the questionnaire in use and the 
comparison measure need to measure corresponding constructs and/or time frames. 
Additionally, stating a priori hypotheses should be carried out at all times, to ensure 




Finally, as a wide variety of questionnaires are available, we recommend researchers to 
critically review whether existing or slightly modified questionnaires are adequate for use in 
new studies, instead of developing new questionnaires. Moreover, we recommend authors 
of papers on measurement properties include the questionnaire under study and provide 
more details about its characteristics, e.g. questions and response options, so that 




None of the self- or proxy-report sedentary behavior questionnaires for children and 
adolescents included in this review were considered both valid and reliable. Whether this is 
due to the low methodological quality of the included studies or to poorly developed 
questionnaires is unclear. In addition, the lack of multiple studies assessing both the validity 
and reliability of a questionnaire in the same study population also hampered our ability to 
draw a definite conclusion on the best available instruments. Therefore, we recommend 
more high-quality studies examining the measurement properties of the most promising 
sedentary behavior questionnaires. Acquiring high methodological quality can be obtained 
by using standardized tools such as the COSMIN checklist [16].  
 
Additional files  
Additional files referred to in the text can be found online in the online article at the 
publisher’s website: https://doi.org/10.1007/s40279-016-0610-1  
 
Electronic Supplementary Material Appendix S1: Search strategy. 
Electronic Supplementary Material Table S1: Description of sedentary behavior 
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Background and objective 
This review is an update of a previous review published in 2010, and aims to summarize the 
available studies on the measurement properties of physical activity questionnaires for 
young people under the age of 18 years. 
Methods 
Systematic literature searches were carried out using the online PubMed, EMBASE, and 
SPORTDiscus databases up to 2018. Articles had to evaluate at least one of the 
measurement properties of a questionnaire measuring at least the duration or frequency of 
children’s physical activity, and be published in the English language. The standardized 
COnsensus-based Standards for the selection of health Measurement Instruments 
(COSMIN) checklist was used for the quality assessment of the studies. 
Results 
This review yielded 87 articles on 89 different questionnaires. Within the 87 articles, 162 
studies were conducted: 103 studies assessed construct validity, 50 assessed test-retest 
reliability, and nine assessed measurement error. Of these studies, 38% were of poor 
methodological quality and 49% of fair methodological quality. A questionnaire with 
acceptable validity was found only for adolescents, i.e. the Greek version of the 3-Day 
Physical Activity Record. Questionnaires with acceptable test-retest reliability were found in 
all age categories, i.e. preschoolers, children, and adolescents.  
Conclusion 
Unfortunately, no questionnaires were identified with conclusive evidence for both 
acceptable validity and reliability, partly due to the low methodological quality of the 
studies. This evidence is urgently needed, as current research and practice are using 
physical activity questionnaires of unknown validity and reliability. Therefore, 
recommendations for high-quality studies on measurement properties of physical activity 















Numerous studies have demonstrated beneficial effects of physical activity, in particular of 
moderate to vigorous intensity, on metabolic syndrome, bone strength, physical fitness, and 
mental health in children and adolescents [1,2]. In order to monitor trends in physical 
activity, examine associations between physical activity and health outcomes, and evaluate 
the effectiveness of physical activity-enhancing interventions, valid, reliable, responsive, and 
feasible measures of physical activity are needed.  
 
Accelerometers are considered to provide valid and reliable measures of physical activity in 
children and adolescents [3]. However, accelerometers are not gold standard and 
underestimate activities such as cycling, swimming, weight lifting, and many household 
chores. Moreover, physical activity estimates vary depending on subjective decisions in data 
reduction such as the choice of cut-points for intensity levels, the minimum number of valid 
days, the minimum number of valid hours per day, and the definition of non-wear time [4]. 
Furthermore, accelerometers cannot provide information on the type and context of the 
behavior and are labor-intensive and costly, especially in large populations [5].  
 
Self-report or proxy-report questionnaires are seen as a convenient and affordable way to 
assess physical activity that can provide information on the context and type of the activity 
[5,6]. However, questionnaires have their limitations as well, such as the potential for social 
desirability and recall bias [6,7]. Thus, for measuring physical activity a combination of the 
more objective measures such as accelerometers and self-report questionnaires seems most 
promising.  
 
A great many questionnaires measuring physical activity in children and adolescents have 
been developed, with varying formats, recall periods, and types of physical activity recalled. 
To be able to select the most appropriate questionnaire, an overview of the measurement 
properties of the available physical activity questionnaires in children and adolescents is 
highly warranted. In 2010, Chinapaw et al. [8] reviewed the measurement properties of self-
report and proxy-report measures of physical activity in children and adolescents. As many 
studies assessing measurement properties of physical activity questionnaires have been 
published since then, an update is timely.  
 
Therefore, we aimed to summarize studies that assessed the measurement properties (e.g. 
responsiveness, reliability, measurement error, and validity) of self-report or proxy-report 
questionnaires in children and adolescents under the age of 18 years published since May 
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This review is an update of the previously published review of Chinapaw et al. [8]. We 
followed the Preferred Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting 
guidelines and registered the review on PROSPERO (international prospective register of 
systematic reviews; registration number: CRD42016038695).  
 
Literature Search 
Systematic literature searches were carried out in PubMed, EMBASE, and SPORTDiscus 
(from January 2009 up until April 2018). In PubMed more overlap in time was maintained 
(search from May 2008), as our previous searches showed that the PubMed time filter can 
be inaccurate, e.g., due to incorrect labeling of publication dates. The full search strategy 
can be found in the Electronic Supplementary Material (Online Resource 1).  
 
Search terms in PubMed were used in AND-combination, and related to physical activity 
(e.g., motor activity, exercise), children and adolescents (e.g., schoolchildren, adolescents), 
measurement properties (e.g., reliability, reproducibility, validity) [9], and self- or proxy-
report measures (e.g., child-reported questionnaire). Medical Subject Heading (MESH), title 
and abstract (TIAB), and free-text search terms were used, and a variety of publication types 
(e.g., biography, comment, case reports, editorial) were excluded. In EMBASE, search terms 
related to physical activity, measurement properties [9], and self- or proxy-report measures 
were used in AND-combination. The search was limited to children and adolescents (e.g., 
child, adolescent), and EMBASE-only. EMBASE subject headings, TIAB, and free-text search 
terms were used. In SPORTDiscus, TIAB and free-text search terms were used in AND-
combination, related to physical activity, children and adolescents, and self- or proxy-report 
measures.  
 
Inclusion and Exclusion Criteria 
Studies were eligible for inclusion when (1) the aim of the study was to evaluate at least one 
of the measurement properties of a self-report or proxy-report physical activity 
questionnaire, or a questionnaire containing physical activity items; (2) the questionnaire 
under study should at least reported data on the duration or frequency of physical activity; 
(3) the mean age of the study population was <18 years; and (4) the study was available in 
the English language. Studies were excluded in the following situations: (1) studies 
assessing physical activity using self-report measures administered by an interview (one-on-
 
  
one assessment) or using a diary; (2) studies evaluating the measurement properties in a 
specific population (e.g., children who are affected by overweight or obesity); (3) studies 
examining structural validity and/or internal consistency for questionnaires that represent a 
formative measurement model; (4) construct validity studies examining the relationship 
between the questionnaire and a non-physical activity measure, e.g., body mass index (BMI) 
or percentage body fat; and (5) responsiveness studies that did not use a physical activity 




Titles and abstracts were screened for eligible studies by two independent researchers 
[Lisan Hidding (LH) and either Mai Chinapaw (MC), Mireille van Poppel (MP), Teatske 
Altenburg (TA), or Lidwine Mokkink (LM)]. Subsequently, full texts were obtained and 
screened for eligibility by two independent researchers (LH and either TA or MP). A fourth 
researcher (MC) was consulted in the case of doubt. 
 
Data Extraction 
For all eligible studies, two independent reviewers (LH and either TA or MP) extracted data 
regarding the characteristics of studies and results of the assessed measurement properties, 
using a structured form. Extracted data regarding the methods and results of the assessed 
measurement properties included study population, questionnaire under study, studied 
measurement properties, comparison measures, time interval, statistical methods used, and 
results regarding the studied measurement properties. In the case of disagreement 
regarding data extraction, a fourth researcher (MC) was consulted. 
 
Methodological Quality Assessment 
Two independent reviewers (LH and either MC or LM) rated the methodological quality of 
the included studies using the standardized COnsensus-based Standards for the selection of 
health Measurement INstruments (COSMIN) checklist [10–12]. For each measurement 
property, the design requirements were rated using a 4-point scale (i.e., excellent, good, 
fair, or poor). The lowest score counts method was applied, e.g., the final methodological 
quality was scored as poor in the case of a poor score on one of the items. The lowest rated 
items that determined the final score for each study are shown in Electronic Supplementary 
Material Online Resource 2. The methodological quality of the content validity studies was 
not assessed as often little or no information on the development of the questionnaire or on 
the assessment of relevance, comprehensiveness, and comprehensibility of items was 
available. One minor adaption to the original COSMIN checklist, also described in a 
previous review [13], was applied: Percentage of Agreement (PoA) was removed from the 
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[14]. To assess the methodological quality of test-retest reliability studies, standards 
previously described by Chinapaw et al. [8] regarding the time interval were applied: 
between >1 day and <3 months for questionnaires recalling a standard week; between >1 
day and <2 weeks for questionnaires recalling the previous week; and between >1 day and 
<1 week for questionnaires recalling the previous day. 
 
Questionnaire Quality Assessment 
Reliability 
Reliability is defined as ‘’the degree to which a measurement instrument is free from 
measurement error’’ [15]. Test-retest reliability outcomes were considered acceptable under 
the following conditions: (1) intraclass correlation coefficients and kappa values ≥ 0.70 [16]; 
or (2) Pearson, Spearman, or unknown correlations ≥ 0.80 [17]. Measurement error is 
defined as ‘‘the systematic and random error of a score that is not attributed to true 
changes in the construct’’ [15]. Measurement error outcomes were considered acceptable 
when the smallest detectable change (SDC) was smaller than the minimal important change 
(MIC) [16].      
 
The majority of the included studies reported multiple correlations per questionnaire for 
test-retest reliability, e.g., separate correlations for each questionnaire item. Therefore, an 
overall evidence rating was applied in order to obtain a final test-retest reliability rating, 
incorporating all correlations per questionnaire for each study. A positive (+) evidence rating 
was obtained if ≥80% of correlations were acceptable, a mixed (±) evidence rating was 
obtained when ≥50 and <80% of correlations were acceptable, and a (-) negative evidence 
rating was obtained when <50% of correlations were acceptable. For measurement error, no 
final evidence rating could be applied, as to our knowledge no information on the MIC is 
available for the included questionnaires. Furthermore, in the case of PoA, higher scores 
represent less measurement error. 
 
Validity 
For validity, three different measurement properties can be distinguished, i.e., content 
validity, construct validity, and criterion validity [15]. Content validity is defined as ‘’the 
degree to which the content of a measurement instrument is an adequate reflection of the 
construct to be measured’’ [15]. Construct validity is ‘‘the degree to which the scores of a 
measurement instrument are consistent with (a priori drafted) hypotheses’’ [15]. 
Hypothesescan concern internal relationships, i.e., structural validity, or relationships with 
other instruments. Criterion validity is defined as ‘’the degree to which the scores of an 
instrument are an adequate reflection of a gold standard’’ [15].
 
Content validity could not be assessed, as for most studies a justification of choices, e.g., 
comprehensibility findings based on input from the target population or experts in the field, 
were missing. A summary of the studies examining content validity has been added in the 
results section. Since a priori formulated hypotheses for construct validity were often 
lacking, in line with previous reviews [13,18] we formulated criteria with regard to the 
relationships with other instruments; see Table 1 for criteria. The criteria were subdivided by 
level of evidence, level 1 indicating strong evidence, level 2 indicating moderate evidence, 
and level 3 indicating weak evidence. Table 1 also includes criteria for criterion validity, e.g., 
when doubly labeled water was used as a comparison measure for questionnaires aiming to 
assess physical activity energy expenditure.  
 
Most construct validity studies examined relationships with other instruments, reporting 
separate correlations for each questionnaire item. As with reliability, an overall evidence 
rating was applied incorporating all available correlations for each questionnaire per study 
(i.e., a positive, mixed or negative evidence rating was obtained). Since no hypotheses were 
available for mean differences and limits of agreement, only a description of these results is 
included in the results section. 
 
Table 1. Constructs of physical activity measured by the questionnaires evaluating construct 
and/or criterion validity, subdivided by level of evidence, and criteria for acceptable 
correlations. 
Constructs of physical 
activity measured 
Level 1 Level 2 Level 3 
Physical activity, all 
constructs (i.e., at least 
including active transport, 
sports, physical 
education, recreational 
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Constructs of physical 
activity measured 
Level 1 Level 2 Level 3 
cycling, time spent 
outdoors) 
Accelerometer 
moderate and vigorous 
counts ≥0.50 
Pedometer counts ≥ 
0.40 
VO2max ≥0.40 
Cycle computer ≥ 
0.70b 
Physical activity energy 
expenditure 
PAEE measured by 
doubly labeled water 
≥0.70 
Accelerometer total or 
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VO2max ≥0.40 
Vigorous activity Accelerometer 
vigorous counts ≥0.60 
 
 
Accelerometer total or 
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PAEE Physical Activity Energy Expenditure, VO2max maximal oxygen uptake 
a Preferably activity counts (i.e., light, moderate and vigorous); however, as sedentary counts have a minimal 
contribution total counts are also acceptable 
b If used as a comparison for cycling 
 
Inclusion of Results from the Previous Review 
To draw definite conclusions regarding the best available questionnaires, the most 
promising questionnaires based on the previous review [8], i.e., published before May 2009, 
were also taken into account. As the previous review combined the methodological quality 
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assessment and the questionnaire quality (i.e., results regarding measurement properties) in 
one rating, we reassessed the methodological and questionnaire quality of these previously 
published studies. We included only the studies that received a positive rating in the 
previous review for each measurement property. However, in the previous review, no final 
rating for measurement error was applied; therefore, all measurement error studies were 
reassessed and included in the current review. In addition, for construct validity, no final 
rating was applied in the previous review, as the majority of studies did not formulate a 
priori hypotheses. We chose to reassess the two studies showing the highest correlations 
between the questionnaire and an accelerometer, for each age category. The studies below 
this ‘top 2’ showed such low correlations that they would receive a negative evidence rating 
using our criteria. Furthermore, we assessed three other studies that formulated a priori 
hypotheses, as these studies may score higher regarding methodological quality. The 
reassessed studies are included in Tables 2, 3, 4 in the Results section. 
 
Best Evidence  
We chose to divide the included studies in three age categories, i.e., preschoolers, children, 
and adolescents, and draw conclusions on the best available questionnaire(s) for each age 
category. A questionnaire was considered of interest when at least a fair methodological 
quality and a positive evidence rating were achieved. Additionally, for construct validity, the 
level of evidence (see Table 1) was taken into account, so questionnaires with a higher level 
of evidence comparison measure were considered more valuable. Because no evidence 
ratings were available for measurement error, these measurement properties were not taken 




Systematic literature searches using the PubMed, EMBASE, and SPORTDiscus databases 
yielded 15,220 articles after removal of duplicates. After title and abstract screening, 110 
eligible articles remained. Another 21 articles were found through cross-reference searches. 
Therefore, 131 full-text articles were screened, which resulted in the inclusion of 71 articles 
examining 76 (versions of) questionnaires. After additionally including 16 articles from the 
previous review, this resulted in 87 articles examining 89 (versions) of questionnaires. See 
Figure 1 for the full selection process. Within the 87 articles, 162 studies were conducted, 
with 103 assessing construct validity, 50 test-retest reliability, and nine measurement error. 
Four of the included questionnaires were assessed by two of the included studies, i.e., the 
3-Day Physical Activity Recall (3DPARecall) [19,20], the Activity Questionnaire for Adults and 
Adolescents (AQuAA) [21,22], the Oxford Physical Activity questionnaire (OPAQ) [23,24], 
and a physical activity, sedentary behavior, and strength questionnaire [25,26]. Furthermore, 
91
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a Preferably activity counts (i.e., light, moderate and vigorous); however, as sedentary counts have a minimal 
contribution total counts are also acceptable 
b If used as a comparison for cycling 
 
Inclusion of Results from the Previous Review 
To draw definite conclusions regarding the best available questionnaires, the most 
promising questionnaires based on the previous review [8], i.e., published before May 2009, 
were also taken into account. As the previous review combined the methodological quality 
Table 1 continued 
 
  
Constructs of physical 
activity measured 
Level 1 Level 2 Level 3 
cycling, time spent 
outdoors) 
Accelerometer 
moderate and vigorous 
counts ≥0.50 
Pedometer counts ≥ 
0.40 
VO2max ≥0.40 
Cycle computer ≥ 
0.70b 
Physical activity energy 
expenditure 
PAEE measured by 
doubly labeled water 
≥0.70 
Accelerometer total or 
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PAEE Physical Activity Energy Expenditure, VO2max maximal oxygen uptake 
a Preferably activity counts (i.e., light, moderate and vigorous); however, as sedentary counts have a minimal 
contribution total counts are also acceptable 
b If used as a comparison for cycling 
 
Inclusion of Results from the Previous Review 
To draw definite conclusions regarding the best available questionnaires, the most 
promising questionnaires based on the previous review [8], i.e., published before May 2009, 
were also taken into account. As the previous review combined the methodological quality 
 
  
assessment and the questionnaire quality (i.e., results regarding measurement properties) in 
one rating, we reassessed the methodological and questionnaire quality of these previously 
published studies. We included only the studies that received a positive rating in the 
previous review for each measurement property. However, in the previous review, no final 
rating for measurement error was applied; therefore, all measurement error studies were 
reassessed and included in the current review. In addition, for construct validity, no final 
rating was applied in the previous review, as the majority of studies did not formulate a 
priori hypotheses. We chose to reassess the two studies showing the highest correlations 
between the questionnaire and an accelerometer, for each age category. The studies below 
this ‘top 2’ showed such low correlations that they would receive a negative evidence rating 
using our criteria. Furthermore, we assessed three other studies that formulated a priori 
hypotheses, as these studies may score higher regarding methodological quality. The 
reassessed studies are included in Tables 2, 3, 4 in the Results section. 
 
Best Evidence  
We chose to divide the included studies in three age categories, i.e., preschoolers, children, 
and adolescents, and draw conclusions on the best available questionnaire(s) for each age 
category. A questionnaire was considered of interest when at least a fair methodological 
quality and a positive evidence rating were achieved. Additionally, for construct validity, the 
level of evidence (see Table 1) was taken into account, so questionnaires with a higher level 
of evidence comparison measure were considered more valuable. Because no evidence 
ratings were available for measurement error, these measurement properties were not taken 




Systematic literature searches using the PubMed, EMBASE, and SPORTDiscus databases 
yielded 15,220 articles after removal of duplicates. After title and abstract screening, 110 
eligible articles remained. Another 21 articles were found through cross-reference searches. 
Therefore, 131 full-text articles were screened, which resulted in the inclusion of 71 articles 
examining 76 (versions of) questionnaires. After additionally including 16 articles from the 
previous review, this resulted in 87 articles examining 89 (versions) of questionnaires. See 
Figure 1 for the full selection process. Within the 87 articles, 162 studies were conducted, 
with 103 assessing construct validity, 50 test-retest reliability, and nine measurement error. 
Four of the included questionnaires were assessed by two of the included studies, i.e., the 
3-Day Physical Activity Recall (3DPARecall) [19,20], the Activity Questionnaire for Adults and 
Adolescents (AQuAA) [21,22], the Oxford Physical Activity questionnaire (OPAQ) [23,24], 
and a physical activity, sedentary behavior, and strength questionnaire [25,26]. Furthermore, 




two of the questionnaires were assessed by three of the included studies, i.e., the Physical 
Activity Questionnaire for Older Children (PAQ-C) [27–29], and the Previous Day Physical 
Activity Recall (PDPAR) [30–32]. In addition, various modified versions of questionnaires 
were assessed by the included studies. 
 
 
Figure 1. Preferred Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram 
of study inclusion. 
 
Construct Validity 
The construct validity results are summarized in Table 2. Of the 72 questionnaires that were 
assessed on construct validity, eight were from the previous review. Fifteen of the 
questionnaires were assessed by two studies, two were assessed by three studies, one by 
four, one by five, and one by six studies. Six questionnaires were assessed in preschoolers, 
 
  
29 in children, and 38 in adolescents (one questionnaire was assessed in both children and 
adolescents). The methodological quality rating of the studies ranged from poor to good: 
49 studies received a poor, 49 a fair, and five a good rating. The low methodological scores 
were predominantly due to comparison measures with unacceptable or unknown 
measurement properties, and a lack of a priori formulated hypotheses. No definite 
conclusion could be drawn regarding the best available questionnaires for preschoolers, as 
studies on construct validity within this age category were of low methodological quality or 
received negative evidence ratings. For children, the best available questionnaire was found 
to be the Godin Leisure-Time Exercise Questionnaire [33] (fair methodological quality and 
positive level 2 evidence). Although the moderate level 2 evidence hampered our ability to 
draw conclusions on the validity, it is worthwhile to investigate further. We concluded that 
the most valid questionnaire in adolescents was the Greek version of the 3-Day Physical 
Activity Record (3DPARecord) [34] (fair methodological quality and positive level 1 evidence 
rating). Note that the 3DPARecord uses a different format (i.e. different time segments, and 
categories) than the frequently used 3DPARecall.  
 
Content Validity 
Six of the included questionnaires were qualitatively assessed on content validity, one of 
which was assessed by two studies [25,26,35–38]. Studies used cognitive interviews, semi-
structured interviews, and focus groups with children and adolescents and/or experts (e.g., 
researchers in the field of sports medicine, pediatrics, and measurement) to assess the 
comprehensibility, relevance of items, and comprehensiveness of the questionnaires. Due to 
a lack of details on the methods used regarding testing or developing these questionnaires, 
the methodological quality of these studies and the quality of the questionnaires could not 
be assessed. Ten of the included questionnaires were pilot-tested with children and/or 
parents on, for example, comprehensiveness and time to complete [34,39–46]. However, 
again, the study quality could not be assessed due to the minimal amount of information 
provided. Lastly, 15 of the questionnaires were translated versions [34,36,40,41,44,47–54]; 
the majority of these studies provided little information on the translation processes. These 
studies did not assess the cross-cultural validity, and thus no definite conclusion about the 
content validity of the translated questionnaires could be drawn.  
 
Test-Retest Reliability 
The test-retest reliability results are summarized in Table 3. Of the 46 questionnaires 
assessed on test-retest reliability, five were from the previous review. Four of the 
questionnaires were assessed by two studies. Five questionnaires were assessed in 
preschoolers, 16 in children, and 26 in adolescents (one questionnaire was assessed in both 
children and adolescents). The methodological quality of the studies was rated as follows: 
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Content Validity 
Six of the included questionnaires were qualitatively assessed on content validity, one of 
which was assessed by two studies [25,26,35–38]. Studies used cognitive interviews, semi-
structured interviews, and focus groups with children and adolescents and/or experts (e.g., 
researchers in the field of sports medicine, pediatrics, and measurement) to assess the 
comprehensibility, relevance of items, and comprehensiveness of the questionnaires. Due to 
a lack of details on the methods used regarding testing or developing these questionnaires, 
the methodological quality of these studies and the quality of the questionnaires could not 
be assessed. Ten of the included questionnaires were pilot-tested with children and/or 
parents on, for example, comprehensiveness and time to complete [34,39–46]. However, 
again, the study quality could not be assessed due to the minimal amount of information 
provided. Lastly, 15 of the questionnaires were translated versions [34,36,40,41,44,47–54]; 
the majority of these studies provided little information on the translation processes. These 
studies did not assess the cross-cultural validity, and thus no definite conclusion about the 
content validity of the translated questionnaires could be drawn.  
 
Test-Retest Reliability 
The test-retest reliability results are summarized in Table 3. Of the 46 questionnaires 
assessed on test-retest reliability, five were from the previous review. Four of the 
questionnaires were assessed by two studies. Five questionnaires were assessed in 
preschoolers, 16 in children, and 26 in adolescents (one questionnaire was assessed in both 
children and adolescents). The methodological quality of the studies was rated as follows: 
13 scored poor, 26 fair, and 11 good. The majority of poor and fair scores were due to the 




lack of a description about how missing items were treated and inappropriate time intervals 
between test and retest. The most reliable questionnaire in preschoolers was the Energy 
Balance Related Behaviors (ERBs) self-administered primary caregivers questionnaire (PCQ) 
[50] (fair methodological quality and positive evidence rating). In children, the most reliable 
questionnaires were the Chinese version of the PAQ-C [44], and the Active Transportation 
to school and work in Norway (ATN) questionnaire [42] (both good methodological quality 
and positive evidence rating). The most reliable questionnaires in adolescents were a single-
item activity measure [23], and the Web-based and paper-based PAQ-C [28] (both good 
methodological quality and positive evidence rating). 
 
Measurement Error 
Table 4 summarizes the measurement error outcomes. Of the nine questionnaires assessed 
on measurement error, two were from the previous review. One questionnaire was assessed 
in preschoolers, three in children, and five in adolescents. Four of the studies received a 
good methodological quality rating, and five received a fair one. Fair scores were 




This review summarized studies that assessed the measurement properties of physical 
activity questionnaires for children and adolescents under the age of 18 years. 
Questionnaires varied in (sub)constructs measured, recall periods, number of questions and 
format, and different measurement properties that were assessed, e.g., construct validity, 
test-retest reliability, or measurement error. Unfortunately, most studies had low 
methodological quality scores and low evidence ratings, especially for construct validity. 
Additionally, no questionnaire was identified with both high methodological quality and 
positive evidence ratings for reliability and validity. Furthermore, for the majority of 
questionnaires there was a lack of data on both reliability and validity. Consequently, no 
definite conclusion regarding the most promising questionnaire can be drawn.  
 
Construct Validity 
For adolescents, one valid questionnaire was found, i.e., the Greek version of the 
3DPARecord [34]. The 3DPARecord is a questionnaire using a segmented day structure that 
divides the previous 3 days (1 weekend day) into timeframes of 15 min each, with the 
adolescents reporting their activity using nine categories ranging from 1 (sleep) to 9 




Due to the predominantly low methodological study quality and negative evidence ratings 
for study results in children and preschoolers, no valid questionnaires were identified. The 
low methodological quality of the studies was predominantly due to a lack of a priori 
formulated hypotheses and the use of comparison measures with unknown or unacceptable 
measurement properties. Moreover, in some studies comparisons between non-
corresponding constructs were made, e.g., moderate to vigorous physical activity (MVPA) 
measured by a questionnaire compared to total accelerometer counts.   
   
Test-Retest Reliability and Measurement Error 
For preschoolers, one reliable questionnaire was identified: the ERBs self-administered PCQ 
[50]; two reliable questionnaires were identified for children: the Chinese version of the 
PAQ-C [44], and the ATN-questionnaire [42]; and two for adolescents: a single-item activity 
measure [23], and the web-based and paper-based PAQ-C [28]. 
 
Many questionnaires received a positive evidence rating but due to the low methodological 
quality of the studies no definite conclusions regarding their reliability could be drawn. The 
low methodological quality was mainly due to inappropriate time intervals between test and 
retest, and the lack of a description about how missing items were handled. Unfortunately, 
no final evidence rating for measurement error could be computed as none of the studies 
provided information on the MIC.  
 
Strengths and Limitations 
A strength of this review is the separate assessment of the questionnaire quality (i.e., results 
for measurement properties) and the methodological quality of the study in which the 
questionnaire was assessed. This provides transparency in the conclusion regarding the best 
available questionnaires. Furthermore, data extraction and methodological quality were 
carried out by at least two independent researchers, minimizing the chance of bias. In 
addition, cross-reference searches were carried out, thereby increasing the likelihood of 
finding all relevant studies. However, we only included English-language studies, 
disregarding relevant studies published in other languages.  
 
Recommendations for Future Research 
Due to the methodological limitations of existing studies, we cannot draw definite 
conclusions on the measurement properties of physical activity questionnaires. This hampers 
the identification of the most suitable questionnaires for assessing physical activity in 
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definite conclusion regarding the most promising questionnaire can be drawn.  
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For adolescents, one valid questionnaire was found, i.e., the Greek version of the 
3DPARecord [34]. The 3DPARecord is a questionnaire using a segmented day structure that 
divides the previous 3 days (1 weekend day) into timeframes of 15 min each, with the 
adolescents reporting their activity using nine categories ranging from 1 (sleep) to 9 




Due to the predominantly low methodological study quality and negative evidence ratings 
for study results in children and preschoolers, no valid questionnaires were identified. The 
low methodological quality of the studies was predominantly due to a lack of a priori 
formulated hypotheses and the use of comparison measures with unknown or unacceptable 
measurement properties. Moreover, in some studies comparisons between non-
corresponding constructs were made, e.g., moderate to vigorous physical activity (MVPA) 
measured by a questionnaire compared to total accelerometer counts.   
   
Test-Retest Reliability and Measurement Error 
For preschoolers, one reliable questionnaire was identified: the ERBs self-administered PCQ 
[50]; two reliable questionnaires were identified for children: the Chinese version of the 
PAQ-C [44], and the ATN-questionnaire [42]; and two for adolescents: a single-item activity 
measure [23], and the web-based and paper-based PAQ-C [28]. 
 
Many questionnaires received a positive evidence rating but due to the low methodological 
quality of the studies no definite conclusions regarding their reliability could be drawn. The 
low methodological quality was mainly due to inappropriate time intervals between test and 
retest, and the lack of a description about how missing items were handled. Unfortunately, 
no final evidence rating for measurement error could be computed as none of the studies 
provided information on the MIC.  
 
Strengths and Limitations 
A strength of this review is the separate assessment of the questionnaire quality (i.e., results 
for measurement properties) and the methodological quality of the study in which the 
questionnaire was assessed. This provides transparency in the conclusion regarding the best 
available questionnaires. Furthermore, data extraction and methodological quality were 
carried out by at least two independent researchers, minimizing the chance of bias. In 
addition, cross-reference searches were carried out, thereby increasing the likelihood of 
finding all relevant studies. However, we only included English-language studies, 
disregarding relevant studies published in other languages.  
 
Recommendations for Future Research 
Due to the methodological limitations of existing studies, we cannot draw definite 
conclusions on the measurement properties of physical activity questionnaires. This hampers 
the identification of the most suitable questionnaires for assessing physical activity in 
children. To improve future research we recommend the following: 




o Using standardized tools for the evaluation of measurement properties such as 
COSMIN, to improve the quality of studies examining measurement properties 
[11,55]; 
o Using appropriate translation methods [17]; 
o Using the mode of administration in a validation study that is intended in the field; 
o Defining the context of use and the measurement model of the questionnaire to 
determine which measurement properties are relevant to examine; 
o Conducting more studies assessing content validity to ensure questionnaires are 
comprehensive and an adequate reflection of the construct to be measured [13,56]; 
o For construct validity, choosing a comparison measure that measures a similar 
construct and formulating hypotheses a priori; 
o For reliability studies, test and retest should concern the same day/week when 
recalling a previous day/week; 
o More research on the responsiveness of valid and reliable questionnaires; 
o Building on or improving the most promising existing questionnaires rather than 
developing new questionnaires; 
o Providing open access to the examined questionnaire; and 
o Editors of journals to request reviewers and authors to use a standardized tool such 
as COSMIN for studies on measurement properties. 
   
Conclusions 
 
Unfortunately, conclusive evidence for both validity and reliability was not found for any of 
the identified physical activity questionnaires. The lack of high-quality studies examining 
both the reliability and the validity of a questionnaire hampered the ability to draw definite 
conclusions about the best available physical activity questionnaire for children and 
adolescents. Thus, high-quality methodological studies examining all relevant measurement 
properties are highly warranted. We strongly recommend researchers adopt standardized 
tools, e.g., the COSMIN methodology [11,57,58], for the design and report of future 
studies. Current studies using physical activity questionnaires should keep in mind that their 
results may not adequately reflect children’s and adolescents’ physical activity levels, as 









Additional files  
Additional files referred to in the text can be found online in the online article at the 
publisher’s website: https://doi.org/10.1007/s40279-018-0987-0  
 
Electronic Supplementary Material Online Resource 1: Search strategy. 
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All 24-hour movement behaviors, i.e. physical activity, sedentary behavior and sleep, are 
important for optimal health in children. Currently, no tools exist that include all 24-hour 
behaviors and have been proven to be both reliable and valid. Potential reasons for the 
inadequate validity and reliability of existing questionnaires are the lack of focus on the 
content validity and lack of involvement of children in the development. Therefore, the aim 
of this study was to co-create a 24-hour movement behavior tool together with 9-12-year-
old children. 
Methods 
Concept mapping and photovoice meetings were held to identify children’s physical activity 
behaviors. During concept mapping meetings with four groups of children (n=40), children 
generated an extensive list of physical activities they engaged in, sorted the activities in 
categories and rated the frequency and perceived intensity of these activities. Using 
photovoice, three groups of children (n=24) photographed their physical activities during 
one weekday and one weekend day, named the photographs, and placed them on a 
timeline. Furthermore, researchers obtained information on relevant items regarding sleep 
and sedentary behavior by screening existing questionnaires. Thereafter, we developed the 
first version of MyDailyMoves. Subsequently, we examined the content validity of the tool 
together with three groups of children (n=22) and one group of researchers (n=7) using 
focus group meetings. 
Results 
MyDailyMoves has a timeline format, onto which children add the activities they performed 
the previous day. Based on the concept mapping and photovoice studies, eight physical 
activity categories were included: playing inside, playing outside, sports, hobbies, chores, 
personal care, transport, and others. Sleep questions and two more sedentary categories 
(schoolwork and screen time) were added to MyDailyMoves to define and complete the 
timeline. The content validity study showed that all items in the tool were relevant. 
However, children mentioned that the activity category ‘eating’ was missing and the 
understandability of how to use the tool should be improved by adding an explanatory 
video. Both suggestions were adopted in the second version.  
Conclusion 
Including the children’s perceptions throughout the tool development process resulted in a 








Recently, the importance of all 24-hour movement behaviors, including physical activity, 
sedentary behavior and sleep, for optimal health in children has emerged[1]. A large body 
of evidence exists for the relationship between childhood physical activity and various 
health benefits [2]. Evidence for an adverse relationship between sedentary behavior and 
children’s health is inconclusive [3,4]. Nevertheless, the growing public health concern 
regarding the health effects of excessive sedentary behavior has led to recommendations to 
limit sedentary (screen) time [5–7]. In addition, healthy sleep in children is associated with 
various health benefits [8]. Yet, few children meet the physical activity recommendations 
[9,10], the majority of children spend a large amount of their time sedentary [11,12], and 
sleep duration seems to decline [13,14].  
 
In order to monitor all 24-hour movement behaviors in larger child-populations and to 
assess the effectiveness of behavioral interventions, adequate, affordable, and convenient 
measures of these behaviors are needed. Accelerometry is considered to be valid and 
reliable for assessing physical activity and valid in assessing sleep duration in children 
[15,16]. Furthermore, inclinometry has shown to be a valid measure of sedentary behavior in 
children [17]. However, the data of these measures lacks information on the context of the 
behavior. Furthermore, subjective decisions are needed to convert the data into time 
estimates of physical activity, sedentary behavior and sleep, e.g. definition of non-wear 
time, number of valid days required, and choice of cut points to define the intensity of 
activity. On the other hand, self-report is regarded as a convenient and affordable way to 
assess physical activity, sedentary behavior and sleep including contextual information, i.e. 
the type and location of children’s activities [18].  
 
To date, none of the available physical activity and sedentary behavior questionnaires for 
children have acceptable validity and reliability [19–21], and to our knowledge, no self-
report measure including all 24-hour movement behaviors exists with both acceptable 
validity and reliability. Questionnaires are not without limitations, e.g. social desirability and 
recall bias are major issues [18], which may partly explain the lack of valid and reliable self-
report measures. Another possible explanation may be the lack of focus on content validity, 
which is defined as ‘the degree to which the content of the measurement instrument is an 
adequate reflection of the construct to be measured’ [22]. Content validity is one of the 
most important measurement properties of self-report measurement tools [23]. 
Nevertheless, a description of the development of a questionnaire is often lacking, and the 
content validity is often not examined or is minimally described [20,21]. Moreover, children 
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most important measurement properties of self-report measurement tools [23]. 
Nevertheless, a description of the development of a questionnaire is often lacking, and the 
content validity is often not examined or is minimally described [20,21]. Moreover, children 
themselves are rarely involved in studies examining the relevance, comprehensibility, and 




comprehensiveness of questionnaire items [20,21]. Consequently, there may be a gap 
between the recalled activities in existing questionnaires and activities that children mostly 
engage in.  
 
As children can be valuable experts of their own behavior [24], children’s perceptions are 
essential when it comes to developing valid and reliable measurement instruments 
measuring their behavior. Therefore, we aimed to develop a measurement tool 
(MyDailyMoves) together with 9-12-year-old children. Our initial aim was to co-create a tool 
measuring children’s physical activity and the context of their activities, which explains our 
primary focus on physical activities in the conducted studies. However, as the importance of 
all 24-h movement behaviors for optimal health emerged during the study [1], we 
reformulated our aim to include all children’s activities, including both physical and 
sedentary activities as well as sleep, within MyDailyMoves.  
 
Therefore, our final aim was to co-create a 24-hour movement behavior tool for primary 
school children together with 9-12-year old children, by: 1) examining children’s perception 
of physical activity using the concept-mapping method; 2) examining children’s physical 
activity behavior and the context of their behavior using the photovoice method; 3) 
screening the literature on relevant questionnaire items regarding sleep and sedentary 
behavior, and 4) assessing the content validity of the newly-developed MyDailyMoves 
together with children and researchers in the fields of child public health, measurement tool 





For the development and the content validity assessment of the MyDailyMoves 
measurement tool, the consensus-based standards for the selection of health measurement 
instruments (COSMIN) content validity guideline was followed [23]. In short, we included the 
key populations’ perception of physical activity using qualitative methods (concept mapping 
and photovoice), and data were collected until saturation was reached. Furthermore, both 
children and researchers were asked about the relevance of items, comprehensiveness, and 
comprehensibility in the content validity assessment.      
 
For this study, four steps were followed, and three different methods were applied (see 
figure 1). First, the types, intensity, and frequency of physical activity that children engage in 
were explored using concept mapping (step 1; data collection between April and June 
2016). Concept mapping is a method in which group perceptions are examined using a 
 
  
qualitative data collection and a quantitative data analysis [25,26]. Second, children’s 
physical activities, and their locations were examined using photovoice (step 2; data 
collection between September 2016 and February 2017). Photovoice is a method in which 
children use photography to express their ideas and share their opinions, e.g. about their 
physical activity practices, by talking about their photographs [27–30]. Next, a measurement 
tool (MyDailyMoves) was developed (step 3). In this step, existing questionnaires regarding 
sleep and sedentary behavior were screened to include relevant items regarding these 
behaviors in the tool. Lastly, the content validity of MyDailyMoves, which included 
comprehensiveness, understandability and relevance of items/questions, was examined in 
focus group discussions (step 4; data collection between September and October 2018) 
with both children and researchers in the field of child public health, measurement tool 
development, physical activity, sedentary behavior and sleep. Based on these results, the 
tool was adapted. The detailed procedures of step 1, 2 and 4 are described below. The 
development of MyDailyMoves (step 3) is described in the results section. Study size for the 
concept mapping and photovoice study was determined by data saturation; study size for 
the content validity study was based on the COSMIN guideline [23]. 
 
 
Figure 1. Overview of steps undertaken in the co-creation of MyDailyMoves. 
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primary focus on physical activities in the conducted studies. However, as the importance of 
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reformulated our aim to include all children’s activities, including both physical and 
sedentary activities as well as sleep, within MyDailyMoves.  
 
Therefore, our final aim was to co-create a 24-hour movement behavior tool for primary 
school children together with 9-12-year old children, by: 1) examining children’s perception 
of physical activity using the concept-mapping method; 2) examining children’s physical 
activity behavior and the context of their behavior using the photovoice method; 3) 
screening the literature on relevant questionnaire items regarding sleep and sedentary 
behavior, and 4) assessing the content validity of the newly-developed MyDailyMoves 
together with children and researchers in the fields of child public health, measurement tool 





For the development and the content validity assessment of the MyDailyMoves 
measurement tool, the consensus-based standards for the selection of health measurement 
instruments (COSMIN) content validity guideline was followed [23]. In short, we included the 
key populations’ perception of physical activity using qualitative methods (concept mapping 
and photovoice), and data were collected until saturation was reached. Furthermore, both 
children and researchers were asked about the relevance of items, comprehensiveness, and 
comprehensibility in the content validity assessment.      
 
For this study, four steps were followed, and three different methods were applied (see 
figure 1). First, the types, intensity, and frequency of physical activity that children engage in 
were explored using concept mapping (step 1; data collection between April and June 
2016). Concept mapping is a method in which group perceptions are examined using a 
 
  
qualitative data collection and a quantitative data analysis [25,26]. Second, children’s 
physical activities, and their locations were examined using photovoice (step 2; data 
collection between September 2016 and February 2017). Photovoice is a method in which 
children use photography to express their ideas and share their opinions, e.g. about their 
physical activity practices, by talking about their photographs [27–30]. Next, a measurement 
tool (MyDailyMoves) was developed (step 3). In this step, existing questionnaires regarding 
sleep and sedentary behavior were screened to include relevant items regarding these 
behaviors in the tool. Lastly, the content validity of MyDailyMoves, which included 
comprehensiveness, understandability and relevance of items/questions, was examined in 
focus group discussions (step 4; data collection between September and October 2018) 
with both children and researchers in the field of child public health, measurement tool 
development, physical activity, sedentary behavior and sleep. Based on these results, the 
tool was adapted. The detailed procedures of step 1, 2 and 4 are described below. The 
development of MyDailyMoves (step 3) is described in the results section. Study size for the 
concept mapping and photovoice study was determined by data saturation; study size for 
the content validity study was based on the COSMIN guideline [23]. 
 
 
Figure 1. Overview of steps undertaken in the co-creation of MyDailyMoves. 









For the concept mapping and photovoice studies, participants in the 6th, 7th or 8th grade (9-
12 years old) were recruited via primary schools. This age range was chosen as our previous 
experiences show that children from the age of 9 are cognitively able to fill in self-report 
tools and to participate in the participatory methods used. Schools were selected through 
purposive sampling in order to include children attending primary schools located in urban 
and rural areas and with different socioeconomic backgrounds. The socio-economic status 
(SES) of the primary schools was divided in tertiles, i.e. low, medium, and high SES, and 
obtained using the school zip-code and the status-scores document from the Dutch Social 
and Cultural Planning Agency [31]. Primary schools were approached by telephone, e-mail, 
or via the personal network of the researchers. A total of seven primary schools were willing 
to participate: four schools participated in the concept mapping study and three in the 
photovoice study (response rates 25% and 100%, respectively). If a school agreed to 
participate, information letters were sent to the parents and children of the participating 
grade. For the content validity study, children (9-12 years old) were recruited via two 
locations: an after-school care facility and one primary school. A maximum of nine children 
were allowed per focus group. The after-school care facility locations and primary school 
were selected through convenience sampling, i.e. via the researchers’ professional and 
personal networks. Furthermore, the researchers that participated in the content validity 
study were also recruited via the personal network of the researchers of this study. 
Information letters were sent to all participants of the study, i.e. the researchers participating 
in the content validity study, the children, and the children’s parents. Of the children who 
consented for participation, eight, nine and ten were randomly selected for the photovoice, 
content validity, and concept mapping study, respectively. As a reward for participation, 
children received a small gift related to physical activity, e.g. a frisbee or simple pedometer. 
Primary schools were offered an information meeting about the study results.  
    
The VU University Medical Ethical Committee approved the study protocols (nrs. 
A2016.328; 2016.209; 2018.314;). No identifying participant information was collected for 
the purpose of this study, and written informed consent was signed by one parent and the 
participating child. Furthermore, the researchers participating in the content validity study 
also signed written informed consent. 
 
Step 1 - Concept mapping 
Detailed concept mapping procedures are previously published [32,33]. In short, two 
separate meetings with four groups of children (n=10 per group) were organized (one group 
per school) at the children’s school. The aim of the first meeting was to obtain information 
on the physical activities that children engage in. As an introduction, children answered the 
following warm-up question: ‘What do you enjoy doing or what are your hobbies?’ The 
 
  
children had to assess whether the activities they wrote down were active, inactive, or could 
be both. Next, children brainstormed about the physical activities that they engage in by 
means of a main question, which was formulated as a question and a sentence:  
 
‘What physically active activities do you do during the day?’ 
‘The physically active activities that I do during the day are…’  
 
Children generated responses to the main question, resulting in a list of unique activities of 
children from each school. In the second session children were instructed to sort all the 
generated activities into piles of related activities and subsequently name the piles. 
Thereafter, children rated the activities on intensity (ranging from: not tired at all to so tired, 
I can’t go anymore) and frequency (ranging from: never to every day) using 5-point Likert 
scales. 
 
Concept mapping software ‘Ariadne’ was used to analyze children’s sorting and rating data 
[34]. Concept maps were created by multidimensional scaling and hierarchical cluster 
analysis. For each school, a separate concept map was created, including eight clusters by 
default. Mean ratings for frequency and intensity were calculated for each cluster. 
 
Two researchers independently interpreted the concept maps. First, they determined the 
final number of clusters and named each cluster by interpreting the underlying activities of 
each and adopting the names that the children used in the sorting task. At two schools the 
concept maps were also interpreted by the children by interpreting the underlying ideas 
within each cluster and naming the final clusters. As some of the clusters represented more 
than one main topic, i.e. activity category, we refer to activity categories instead of clusters 
for the remainder of the manuscript. 
 
Step 2 – Photovoice 
Photovoice meetings with three groups of children were conducted at their schools (n=6-8 
per group; one group per school). Three to four weekly meetings per group were held; 
children decided whether a fourth meeting was necessary. All meetings were recorded with 
a voice recorder, and each child received a camera that he/she could keep for the entire 
research period. The first introduction meeting started with a photography lesson given by a 
photographer and a researcher. Children learned about six photography topics, i.e. frame, 
subject of the photograph, position, color, background, and moment. Furthermore, children 
learned about photography ethics and rules, e.g. safety while making photographs and that 
other children/people should not be recognizable in their photographs. Next, all children 
received their cameras and went on a photo expedition in their schoolyard with the 






For the concept mapping and photovoice studies, participants in the 6th, 7th or 8th grade (9-
12 years old) were recruited via primary schools. This age range was chosen as our previous 
experiences show that children from the age of 9 are cognitively able to fill in self-report 
tools and to participate in the participatory methods used. Schools were selected through 
purposive sampling in order to include children attending primary schools located in urban 
and rural areas and with different socioeconomic backgrounds. The socio-economic status 
(SES) of the primary schools was divided in tertiles, i.e. low, medium, and high SES, and 
obtained using the school zip-code and the status-scores document from the Dutch Social 
and Cultural Planning Agency [31]. Primary schools were approached by telephone, e-mail, 
or via the personal network of the researchers. A total of seven primary schools were willing 
to participate: four schools participated in the concept mapping study and three in the 
photovoice study (response rates 25% and 100%, respectively). If a school agreed to 
participate, information letters were sent to the parents and children of the participating 
grade. For the content validity study, children (9-12 years old) were recruited via two 
locations: an after-school care facility and one primary school. A maximum of nine children 
were allowed per focus group. The after-school care facility locations and primary school 
were selected through convenience sampling, i.e. via the researchers’ professional and 
personal networks. Furthermore, the researchers that participated in the content validity 
study were also recruited via the personal network of the researchers of this study. 
Information letters were sent to all participants of the study, i.e. the researchers participating 
in the content validity study, the children, and the children’s parents. Of the children who 
consented for participation, eight, nine and ten were randomly selected for the photovoice, 
content validity, and concept mapping study, respectively. As a reward for participation, 
children received a small gift related to physical activity, e.g. a frisbee or simple pedometer. 
Primary schools were offered an information meeting about the study results.  
    
The VU University Medical Ethical Committee approved the study protocols (nrs. 
A2016.328; 2016.209; 2018.314;). No identifying participant information was collected for 
the purpose of this study, and written informed consent was signed by one parent and the 
participating child. Furthermore, the researchers participating in the content validity study 
also signed written informed consent. 
 
Step 1 - Concept mapping 
Detailed concept mapping procedures are previously published [32,33]. In short, two 
separate meetings with four groups of children (n=10 per group) were organized (one group 
per school) at the children’s school. The aim of the first meeting was to obtain information 
on the physical activities that children engage in. As an introduction, children answered the 
following warm-up question: ‘What do you enjoy doing or what are your hobbies?’ The 
 
  
children had to assess whether the activities they wrote down were active, inactive, or could 
be both. Next, children brainstormed about the physical activities that they engage in by 
means of a main question, which was formulated as a question and a sentence:  
 
‘What physically active activities do you do during the day?’ 
‘The physically active activities that I do during the day are…’  
 
Children generated responses to the main question, resulting in a list of unique activities of 
children from each school. In the second session children were instructed to sort all the 
generated activities into piles of related activities and subsequently name the piles. 
Thereafter, children rated the activities on intensity (ranging from: not tired at all to so tired, 
I can’t go anymore) and frequency (ranging from: never to every day) using 5-point Likert 
scales. 
 
Concept mapping software ‘Ariadne’ was used to analyze children’s sorting and rating data 
[34]. Concept maps were created by multidimensional scaling and hierarchical cluster 
analysis. For each school, a separate concept map was created, including eight clusters by 
default. Mean ratings for frequency and intensity were calculated for each cluster. 
 
Two researchers independently interpreted the concept maps. First, they determined the 
final number of clusters and named each cluster by interpreting the underlying activities of 
each and adopting the names that the children used in the sorting task. At two schools the 
concept maps were also interpreted by the children by interpreting the underlying ideas 
within each cluster and naming the final clusters. As some of the clusters represented more 
than one main topic, i.e. activity category, we refer to activity categories instead of clusters 
for the remainder of the manuscript. 
 
Step 2 – Photovoice 
Photovoice meetings with three groups of children were conducted at their schools (n=6-8 
per group; one group per school). Three to four weekly meetings per group were held; 
children decided whether a fourth meeting was necessary. All meetings were recorded with 
a voice recorder, and each child received a camera that he/she could keep for the entire 
research period. The first introduction meeting started with a photography lesson given by a 
photographer and a researcher. Children learned about six photography topics, i.e. frame, 
subject of the photograph, position, color, background, and moment. Furthermore, children 
learned about photography ethics and rules, e.g. safety while making photographs and that 
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could work together with other children, and could ask questions to the researcher and the 
photographer. At the end of the meeting the children received a homework assignment: 
‘photograph your physically-active activities for two weekdays and one weekend day, from 
the moment you wake up until you go to bed again’. Each child received a notebook to 
clarify the activities they photographed in case a photograph ended up blurry. During the 
second, third and optional fourth meeting children analyzed the qualitative data themselves 
by discussing the activities they photographed and placing all photographs on a timeline. 
First, the children were provided with a print of their photographs, which they divided in a 
weekday- and a weekend-day-pile. Next, the children coded their photographs by adding 
notes, i.e. they wrote down what activity they were doing and where the activity took place. 
Thereafter, all children were instructed to create a timeline together (separate for a weekday 
and a weekend day) using a piece of wallpaper and a marker and to place their photographs 
on the timeline. If children remembered an activity they had not photographed, they wrote 
that activity on a sticky note and placed it on the timeline. The timeline started at the time 
the children woke up and ended at the time they went to bed. Additionally, the children 
wrote down other time periods, e.g. the start of school and school breaks, which helped 
them with accurately placing their photographs. As a preparation for the next session the 
children were asked whether there were activities missing on the timeline that they could 
photograph the next week. Data saturation was achieved when all children concluded that 
there were no missing activities; due to data saturation, the next session was cancelled.  
 
Two independent researchers identified the activities and their locations by interpreting the 
photographs and their descriptions. Thereafter, activities and locations were categorized 
using the activity categories identified in the concept mapping study.  
 
Step 3 – Development of MyDailyMoves 
MyDailyMoves is an online measurement tool in the form of a website. Its development is 
based on the following studies: 1) a systematic review on the measurement properties of 
physical activity questionnaires for children [20]; 2) the photovoice study (described in this 
paper); 3) the concept mapping study (described in this paper); 4) a systematic review on 
the measurement properties of sedentary behavior questionnaires for children [21]; and 5) 
literature screening on relevant studies on sleep behavior, sleep questionnaires [35–37], and 
experiences gained by pilot-testing a sleep diary as part of an ongoing research project 
[Belmon et al., unpublished]. The first study was used to gain insight in the useful aspects of 
existing questionnaires measuring physical activity in children, with the aspects being 
included in MyDailyMoves. The second and third study, i.e. the concept mapping and 
photovoice study (described in this paper), were used to create activity and location 
categories to be included in MyDailyMoves. Main categories were used instead of recording 
all individual activities to minimize the burden for children; also, we were more interested in 
 
  
the intensity of the activities than the specific activity within an activity domain. The fourth 
study was used to obtain information regarding sedentary categories that should be 
included in MyDailyMoves. Lastly, the sleep questions were developed by first defining the 
relevant sleep domains, i.e. sleep duration, efficiency, timing, quality and daytime 
sleepiness [38]. We chose to measure all sleep domains as this provides an overview of 
children’s sleep health, which is more than merely the duration of sleep. Per sleep domain, 
relevant questions were selected based on the literature for sleep duration (i.e. time in bed) 
[35], sleep efficiency (i.e. sleep onset latency and night wakings)[35,37], sleep timing (i.e. the 
placement of sleep within 24h day), sleep quality (i.e. satisfaction with own sleep) [35], and 
daytime sleepiness [36,37]. To limit the burden on children, we limited the number of sleep-
related questions to a maximum of six with at least one question per domain. Completing 
(the first version of) MyDailyMoves took the children between 15 to 30 minutes. 
 
Step 4 - Content validity focus groups 
Three focus groups with children (n=5-9 per group) and one focus group with seven 
researchers in the fields of child public health, measurement tool development, physical 
activity, sedentary behavior and sleep (from Amsterdam UMC: Department of Public and 
Occupational Health and Department of Epidemiology; Municipality of Amsterdam: 
department of Epidemiology, Health Promotion and Healthcare Innovation) were organized. 
All focus groups were recorded using a voice recorder. The children’s focus groups were 
held at their school or after-school care facility; the focus group with the researchers took 
place at the VU university. During the focus groups the children and researchers started with 
testing the MyDailyMoves measurement tool by recording their activities on a timeline on 
the website . A subsample of the children (n = 1-2 per focus group) were asked to ‘think 
aloud’ while filling in the measurement tool, recording all their thoughts and comments 
using a voice recorder. After examining the MyDailyMoves measurement tool the children 
and researchers discussed the relevance of all items/questions, the understandability, and 
the comprehensiveness of the tool using a topic guide based on the sequence of the 
items/questions in the tool. To analyze the data, recordings of all focus groups were 
transcribed. Next, the transcriptions were coded by two researchers. The sequence of the 
webpages, including the questions in the measurement tool, was used as a coding scheme, 
i.e. for each web-page/question within MyDailyMoves, the mentioned adaptations 
regarding comprehensiveness and understandability were coded. Next, the adaptations 
mentioned by the different groups of children and researchers were combined/summarized 
per webpage/question of MyDailyMoves. Lastly, two researchers discussed the summaries 
of the mentioned adaptations and decided on the final adaptations to the MyDailyMoves 
measurement tool. In case of discrepancies between researchers’ and children’s 
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perceptions, children’s opinions were prioritized.  






Participants and schools (step 1, 2 and 4) 
Forty children (40% boys) aged 10.3±1.0 from two more rural-located schools (one medium 
and one high SES) and two urban-located schools (one medium and one high SES) 
participated in the concept mapping study (response rate 39%). Twenty-four children (50% 
boys) aged 9.9±1.1 from three urban-located schools, of which two were located in the city 
center (one low- and one high-SES) and one in the suburbs (medium-SES), participated in 
the photovoice study (response rate 21%). Due to illness, two children missed one 
photovoice meeting, and five children dropped out: one child after the first session, two 
children after the second session, and two after the third session. Reasons for drop-out were 
the following: a child claiming that all his activities were already photographed (n=1), 
parental concerns about their child working individually on the project (n=1), and children 
losing interest after the second or third session (n=3). In the content validity study, 22 
children (36% boys) aged 10.1±0.9 (response rate 56%) and seven researchers (response 
rate 100%) participated. The children were recruited from three urban located schools/after 
school-care facilities of which all were located in the suburbs (two low- and one high-SES).  
 
Step 1 - Concept mapping 
The children collectively indicated that they engaged in 93 to 98 different physical activities. 
Table 1 shows the activity categories obtained from the concept maps of the schools: 1) 
playing (outside), 2) sport, 3) hobbies, 4) chores, 5) personal care, 6) walking/transport, 7) 
trips/getaways. Moreover, Table 1 shows for each activity the frequency and intensity 
averages and ranges across all schools. Activity frequency ratings ranged from 1.7 
(trips/getaways) to 4.3 (personal care). Activity intensity ratings ranged from 1.3 (personal 
care) to 2.8 (sport). The concept maps of school 1 to 4 as well as the average frequency and 
intensity ratings of the individual activities and activity categories for each school can be 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































Participants and schools (step 1, 2 and 4) 
Forty children (40% boys) aged 10.3±1.0 from two more rural-located schools (one medium 
and one high SES) and two urban-located schools (one medium and one high SES) 
participated in the concept mapping study (response rate 39%). Twenty-four children (50% 
boys) aged 9.9±1.1 from three urban-located schools, of which two were located in the city 
center (one low- and one high-SES) and one in the suburbs (medium-SES), participated in 
the photovoice study (response rate 21%). Due to illness, two children missed one 
photovoice meeting, and five children dropped out: one child after the first session, two 
children after the second session, and two after the third session. Reasons for drop-out were 
the following: a child claiming that all his activities were already photographed (n=1), 
parental concerns about their child working individually on the project (n=1), and children 
losing interest after the second or third session (n=3). In the content validity study, 22 
children (36% boys) aged 10.1±0.9 (response rate 56%) and seven researchers (response 
rate 100%) participated. The children were recruited from three urban located schools/after 
school-care facilities of which all were located in the suburbs (two low- and one high-SES).  
 
Step 1 - Concept mapping 
The children collectively indicated that they engaged in 93 to 98 different physical activities. 
Table 1 shows the activity categories obtained from the concept maps of the schools: 1) 
playing (outside), 2) sport, 3) hobbies, 4) chores, 5) personal care, 6) walking/transport, 7) 
trips/getaways. Moreover, Table 1 shows for each activity the frequency and intensity 
averages and ranges across all schools. Activity frequency ratings ranged from 1.7 
(trips/getaways) to 4.3 (personal care). Activity intensity ratings ranged from 1.3 (personal 
care) to 2.8 (sport). The concept maps of school 1 to 4 as well as the average frequency and 
intensity ratings of the individual activities and activity categories for each school can be 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Step 2 - Photovoice 
The number of photographs ranged between 197 and 434 (week and weekend days 
combined) between schools. Photographs and written down activities of the different 
schools represented between 27 and 96 unique combinations of activities, locations, and 
moments on weekdays, and between 20 and 50 unique combinations on weekend days. In 
Table 1 all activities and locations are sorted using the identified activity categories. 
 
Step 3 - Development of MyDailyMoves 
Format of MyDailyMoves 
We built on the most promising available physical activity questionnaire(s) for youth. The 
most recent systematic review on the measurement properties of physical activity 
questionnaires for youth [20] concluded that for adolescents, a questionnaire using a 
segmented day structure was most valid, which recalled the previous three days. As no 
evidence for valid questionnaires for younger children was found, we chose to build on this 
segmented format. During the photovoice study, a segmented day structure was realized by 
using a timeline which included important timeframes, e.g. school breaks and the start and 
end of school. The photovoice study showed that the children understood and found it easy 
to work with the timeline. Children added relevant timeframes to the timeline, such as the 
start of school, school breaks, and the end of school, which facilitated the placement of the 
photographs of their activities in different time segments. Therefore, we chose to use a 
timeline structure within the measurement tool that includes the aforementioned time 
markers. The timeline can be personalized based on the wake-up and sleep-time of the 
children, which can be filled in before recording activities on the timeline. We chose to 
develop an online measurement instrument as the timeline can be personalized for each 
child, and it is easier to administer (both for children and researchers) when compared to a 
paper-based questionnaire. Furthermore, according to the previously-mentioned review, the 
most valid questionnaire in adolescents measured the previous three days. As recalling 
activities can be difficult, especially for children [18,39], MyDailyMoves measures the 
previous day (the shortest recall period possible). When children use the tool on a Monday a 
Saturday or Sunday is randomly selected. This can be repeated during several days to 
obtain more data.  
 
Content of MyDailyMoves 
MyDailyMoves records children’s activities in 11 categories: 1) playing inside, 2) playing 
outside, 3) hobbies, 4) chores, 5) sports, 6) transport (active and passive), 7) schoolwork, 8) 
personal care, 9) screen time, 10) eating, and 11) others. The first seven categories were 
based on the results of the concept mapping and photovoice study. Two more sedentary 
categories (i.e. screen time and schoolwork) were added based on evidence from the 
systematic review on the measurement properties of sedentary behavior questionnaires for 
 
  
children [21], and an ‘others’ category was added. The category ‘eating’ was added based 
on the content validity study. The trips/getaways category found in the concept mapping 
study was not included as children indicated that the frequency of these activities is low (i.e. 
less than 1-2 days per week), yet children can record these activities using the ‘other’ 
option. The concept mapping playing (outside) activity category was split up to be able to 
distinguish between playing inside and outside. For the ‘sports’ category, MyDailyMoves 
also records the specific sport that the child engaged in, as the intensity of the activity varies 
considerably across sports [40]. A previous review stated that at least screen time, 
school/study time, passive transport, and quiet play/hobbies/social activities should be 
included to measure all sedentary behavior (sub)constructs [21]. MyDailyMoves already 
included the categories transport and playing inside and hobbies, yet based on this review, 
the more sedentary categories ‘screen time’ and ‘schoolwork’ were added. As the concept 
mapping study demonstrated that children categorize some of the activities differently, e.g. 
walking the dog was categorized as walking/transport and as playing (outside) or a hobby, 
children can decide for themselves which category they perceive as most appropriate.  
 
For each main activity that the child recorded, MyDailyMoves records the location: 1) home 
(inside), 2) home (outside), 3) school (inside), 4) school (outside), 5) in the neighborhood 
(inside), 6) in the neighborhood (outside), 7) at the sports club, 8) at someone else’s home 
(inside), 9) at someone else’s home (outside), and 10) other. The first nine categories were 
based on the results of the photovoice study; additionally, the ‘other’ option was added.  
 
MyDailyMoves also records the perceived exertion of each main activity. Perceived exertion 
is rated on an 11-point semantic-scale: 0 indicates ‘not at all sweaty, tired and/or 
breathless’; and 10 indicates ‘so sweaty, tired and/or breathless, I can’t go anymore’. Six 
illustrations are placed alongside the perceived exertion scale to clarify the scores, with one 
being of a child in a sedentary position on the left (0) and a running child whose heart is 
beating fast and who is sweating on the right (10); the illustrations in between increase in 
intensity. The word ‘tired’ was added to the explanation, and four of the six illustrations 
were added based on the content validity study. 
 
Additionally, MyDailyMoves records questions regarding personal characteristics (i.e. age 
and sex) before filling in the timeline and questions regarding sports club membership, 
whether the day recorded on the timeline was an ‘ordinary’ day (e.g. considering illness) and 
questions about their sleep (i.e. sleep duration, efficiency, timing, quality, and daytime 
sleepiness) after filling in the timeline. One or two questions were included per sleep 
domain: 1) “What time did you go to sleep last night?” and “What time did you wake up 
this morning?” for sleep duration; 2) “When I tried to fall asleep last night, … A) I fell asleep 
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segmented format. During the photovoice study, a segmented day structure was realized by 
using a timeline which included important timeframes, e.g. school breaks and the start and 
end of school. The photovoice study showed that the children understood and found it easy 
to work with the timeline. Children added relevant timeframes to the timeline, such as the 
start of school, school breaks, and the end of school, which facilitated the placement of the 
photographs of their activities in different time segments. Therefore, we chose to use a 
timeline structure within the measurement tool that includes the aforementioned time 
markers. The timeline can be personalized based on the wake-up and sleep-time of the 
children, which can be filled in before recording activities on the timeline. We chose to 
develop an online measurement instrument as the timeline can be personalized for each 
child, and it is easier to administer (both for children and researchers) when compared to a 
paper-based questionnaire. Furthermore, according to the previously-mentioned review, the 
most valid questionnaire in adolescents measured the previous three days. As recalling 
activities can be difficult, especially for children [18,39], MyDailyMoves measures the 
previous day (the shortest recall period possible). When children use the tool on a Monday a 
Saturday or Sunday is randomly selected. This can be repeated during several days to 
obtain more data.  
 
Content of MyDailyMoves 
MyDailyMoves records children’s activities in 11 categories: 1) playing inside, 2) playing 
outside, 3) hobbies, 4) chores, 5) sports, 6) transport (active and passive), 7) schoolwork, 8) 
personal care, 9) screen time, 10) eating, and 11) others. The first seven categories were 
based on the results of the concept mapping and photovoice study. Two more sedentary 
categories (i.e. screen time and schoolwork) were added based on evidence from the 
systematic review on the measurement properties of sedentary behavior questionnaires for 
 
  
children [21], and an ‘others’ category was added. The category ‘eating’ was added based 
on the content validity study. The trips/getaways category found in the concept mapping 
study was not included as children indicated that the frequency of these activities is low (i.e. 
less than 1-2 days per week), yet children can record these activities using the ‘other’ 
option. The concept mapping playing (outside) activity category was split up to be able to 
distinguish between playing inside and outside. For the ‘sports’ category, MyDailyMoves 
also records the specific sport that the child engaged in, as the intensity of the activity varies 
considerably across sports [40]. A previous review stated that at least screen time, 
school/study time, passive transport, and quiet play/hobbies/social activities should be 
included to measure all sedentary behavior (sub)constructs [21]. MyDailyMoves already 
included the categories transport and playing inside and hobbies, yet based on this review, 
the more sedentary categories ‘screen time’ and ‘schoolwork’ were added. As the concept 
mapping study demonstrated that children categorize some of the activities differently, e.g. 
walking the dog was categorized as walking/transport and as playing (outside) or a hobby, 
children can decide for themselves which category they perceive as most appropriate.  
 
For each main activity that the child recorded, MyDailyMoves records the location: 1) home 
(inside), 2) home (outside), 3) school (inside), 4) school (outside), 5) in the neighborhood 
(inside), 6) in the neighborhood (outside), 7) at the sports club, 8) at someone else’s home 
(inside), 9) at someone else’s home (outside), and 10) other. The first nine categories were 
based on the results of the photovoice study; additionally, the ‘other’ option was added.  
 
MyDailyMoves also records the perceived exertion of each main activity. Perceived exertion 
is rated on an 11-point semantic-scale: 0 indicates ‘not at all sweaty, tired and/or 
breathless’; and 10 indicates ‘so sweaty, tired and/or breathless, I can’t go anymore’. Six 
illustrations are placed alongside the perceived exertion scale to clarify the scores, with one 
being of a child in a sedentary position on the left (0) and a running child whose heart is 
beating fast and who is sweating on the right (10); the illustrations in between increase in 
intensity. The word ‘tired’ was added to the explanation, and four of the six illustrations 
were added based on the content validity study. 
 
Additionally, MyDailyMoves records questions regarding personal characteristics (i.e. age 
and sex) before filling in the timeline and questions regarding sports club membership, 
whether the day recorded on the timeline was an ‘ordinary’ day (e.g. considering illness) and 
questions about their sleep (i.e. sleep duration, efficiency, timing, quality, and daytime 
sleepiness) after filling in the timeline. One or two questions were included per sleep 
domain: 1) “What time did you go to sleep last night?” and “What time did you wake up 
this morning?” for sleep duration; 2) “When I tried to fall asleep last night, … A) I fell asleep 
immediately, B) I stayed awake for a little while, C) It took me a long time to fall asleep” and 




“How many times did you wake up last night? A) none, B) one time, C) two times, D) three 
times or more” for sleep efficiency; 4) “How did you sleep last night?” on a 5-point Likert-
scale ranging from very bad to very good for sleep quality; and 5) “How often did you feel 
sleepy yesterday during the day?” on a 5-point Likert scale ranging from ‘not at all’ to ‘very 
often’ for daytime sleepiness. Lastly, based on the content validity study in the final version, 
a comments box was added in which children could give additional information that they 
wanted to add. 
 
Importantly, we have put a lot of emphasis on making MyDailyMoves appealing and 
understandable for children by designing clear and appealing illustrations of the activity 
categories, locations, perceived exertion scale and the instructions for using the tool. For an 
example of a filled in timeline, an explanation (using MyDailyMoves images) of how activities 
can be added to the timeline and a preview of the MyDailyMoves format, see Additional file 
3. 
 
Output of MyDailyMoves 
The output of MyDailyMoves includes an intensity rating for each individual activity and/or 
location that is based on the rating on the perceived exertion scale and Metabolic 
Equivalent values (METs) from the Compendium of Energy Expenditure (EE) for Youth which 
is developed to estimate intensity levels of questionnaire-based physical activities [40]. 
Subsequently, time spent sleeping and in sedentary behavior, light, moderate, vigorous and 
moderate-to-vigorous intensity physical activity will be calculated either for each specific 
activity category and/or location or time spent during a specific time period, e.g. per day. 
We will use two different methods to calculate time estimates of sedentary behavior (SB), 
light (LPA), moderate (MPA), and vigorous intensity physical activity (VPA): 1) existing cut-
points on the 11-point perceived exertion scale to classify scores into four intensity 
categories, i.e. SB (<1), LPA (1-2), MPA (3-4), and VPA (>5) [41]; 2) METs from the 
Compendium of Energy Expenditure for Youth [40]. Subsequently, the MET-value cut-points 
will be used to classify the MET-values into light (1,5-<3 METs), moderate (3-<6 METs), and 
vigorous intensity physical activity (³6 METs). In addition, the output shows the recordings 
of children’s personal characteristics and the different sleep domains.  
 
Step 4 - Content validity of MyDailyMoves and finalizing the tool 
Usability 
The children thought it was fun to use MyDailyMoves to record their activities during the 
day: ‘Fantastic!’ (child; group 1), ‘It looked very professional!’ (child; group 1), ‘I liked it, also 
because we were allowed to do it on a laptop or iPad.’ (child; group 2). However, there 
were some issues regarding the usability of the tool that needed to be improved according 
to the children. Improvements mainly concerned making it easier to fill in MyDailyMoves, 
 
  
e.g. being able to add an activity to the timeline in multiple ways, using a search option to 
find the right sport, and being able to save what you have already filled in when you need 
to go back to a previous page: ‘Well if, for example, you made a mistake and went back, 
then the activities you had filled in on the timeline don’t get saved, so, what I’d already filled 
in was gone and I had to do it all over again because I filled it in wrong again, and again it 
wasn’t saved.’ (child; group 3). In addition, requiring all questions to be filled in before 
entering the next page/question, using more illustrations (on each page) to make 
MyDailyMoves more attractive, and being able to correct mistakes (e.g. using a back button) 
were mentioned: ‘At one point, after I had clicked on something, and then I thought it was 
wrong, I wanted to delete it, but it became green and I couldn’t change it anymore.’ (child; 
group 1). The researchers agreed with the children that the tool was attractive but quite 
complicated: ‘It looks attractive, but I found it quite complicated.’ (researcher). 
 
Comprehensiveness 
According to both children and researchers a number of specific sports were missing in the 
sports category: ‘Were there any sports missing from the list? Sports that you do… 
(interviewer; group 2)’, ‘dodgeball, softball!’ (child; group 2). ‘I received a list of sports that 
children play, there are a lot of sports on my list that are missing from yours. Those are new 
sports that have appeared in the last 10 years.’ (researcher). Therefore, missing sports were 
added (e.g. acrobatics, netball, floorball) in the second version of MyDailyMoves. 
Furthermore, children mentioned that for some questions answering categories were 
missing, e.g.: ‘Can you also add one to do with eating, or something like that?’ (child; group 
3),’ Well, for the gender, you can also, for example, if you are a child, you can very quickly 
find out what your gender is, so maybe you can add an ‘other’ option.’ (child; group 3). 
Therefore, the activity category ‘eating’ and the gender option ‘other’ were added. In 
addition, children indicated that the perceived exertion scale missed the ability to fill in 
decimals, (e.g. 0.5 – 1.5 – 2.5, etc.), which were therefore added to the second version of 
MyDailyMoves. Lastly, children and researchers mentioned the importance of being able to 
fill in additional information in addition to the standard questions: ‘Were there any other 
things we could ask as additional questions’ (interviewer; group 1), ‘Maybe something about 
school, what do you think about school, do you like school?’ (child; group 1). ‘There’s no 
room for a child to indicate that he/she has asthma, for example. Maybe we can add a 
general question like, do you want to share anything else, then a child suffering from asthma 
can maybe share that he/she was out of breath a lot of the time, but that it was normal for 
him/her.’ (researcher). Since the children mentioned a wide variety of potential additional 
questions not directly relevant for measuring physical activity, sedentary behavior or sleep, a 
general comments box was included in the second version of MyDailyMoves where children 






“How many times did you wake up last night? A) none, B) one time, C) two times, D) three 
times or more” for sleep efficiency; 4) “How did you sleep last night?” on a 5-point Likert-
scale ranging from very bad to very good for sleep quality; and 5) “How often did you feel 
sleepy yesterday during the day?” on a 5-point Likert scale ranging from ‘not at all’ to ‘very 
often’ for daytime sleepiness. Lastly, based on the content validity study in the final version, 
a comments box was added in which children could give additional information that they 
wanted to add. 
 
Importantly, we have put a lot of emphasis on making MyDailyMoves appealing and 
understandable for children by designing clear and appealing illustrations of the activity 
categories, locations, perceived exertion scale and the instructions for using the tool. For an 
example of a filled in timeline, an explanation (using MyDailyMoves images) of how activities 
can be added to the timeline and a preview of the MyDailyMoves format, see Additional file 
3. 
 
Output of MyDailyMoves 
The output of MyDailyMoves includes an intensity rating for each individual activity and/or 
location that is based on the rating on the perceived exertion scale and Metabolic 
Equivalent values (METs) from the Compendium of Energy Expenditure (EE) for Youth which 
is developed to estimate intensity levels of questionnaire-based physical activities [40]. 
Subsequently, time spent sleeping and in sedentary behavior, light, moderate, vigorous and 
moderate-to-vigorous intensity physical activity will be calculated either for each specific 
activity category and/or location or time spent during a specific time period, e.g. per day. 
We will use two different methods to calculate time estimates of sedentary behavior (SB), 
light (LPA), moderate (MPA), and vigorous intensity physical activity (VPA): 1) existing cut-
points on the 11-point perceived exertion scale to classify scores into four intensity 
categories, i.e. SB (<1), LPA (1-2), MPA (3-4), and VPA (>5) [41]; 2) METs from the 
Compendium of Energy Expenditure for Youth [40]. Subsequently, the MET-value cut-points 
will be used to classify the MET-values into light (1,5-<3 METs), moderate (3-<6 METs), and 
vigorous intensity physical activity (³6 METs). In addition, the output shows the recordings 
of children’s personal characteristics and the different sleep domains.  
 
Step 4 - Content validity of MyDailyMoves and finalizing the tool 
Usability 
The children thought it was fun to use MyDailyMoves to record their activities during the 
day: ‘Fantastic!’ (child; group 1), ‘It looked very professional!’ (child; group 1), ‘I liked it, also 
because we were allowed to do it on a laptop or iPad.’ (child; group 2). However, there 
were some issues regarding the usability of the tool that needed to be improved according 
to the children. Improvements mainly concerned making it easier to fill in MyDailyMoves, 
 
  
e.g. being able to add an activity to the timeline in multiple ways, using a search option to 
find the right sport, and being able to save what you have already filled in when you need 
to go back to a previous page: ‘Well if, for example, you made a mistake and went back, 
then the activities you had filled in on the timeline don’t get saved, so, what I’d already filled 
in was gone and I had to do it all over again because I filled it in wrong again, and again it 
wasn’t saved.’ (child; group 3). In addition, requiring all questions to be filled in before 
entering the next page/question, using more illustrations (on each page) to make 
MyDailyMoves more attractive, and being able to correct mistakes (e.g. using a back button) 
were mentioned: ‘At one point, after I had clicked on something, and then I thought it was 
wrong, I wanted to delete it, but it became green and I couldn’t change it anymore.’ (child; 
group 1). The researchers agreed with the children that the tool was attractive but quite 
complicated: ‘It looks attractive, but I found it quite complicated.’ (researcher). 
 
Comprehensiveness 
According to both children and researchers a number of specific sports were missing in the 
sports category: ‘Were there any sports missing from the list? Sports that you do… 
(interviewer; group 2)’, ‘dodgeball, softball!’ (child; group 2). ‘I received a list of sports that 
children play, there are a lot of sports on my list that are missing from yours. Those are new 
sports that have appeared in the last 10 years.’ (researcher). Therefore, missing sports were 
added (e.g. acrobatics, netball, floorball) in the second version of MyDailyMoves. 
Furthermore, children mentioned that for some questions answering categories were 
missing, e.g.: ‘Can you also add one to do with eating, or something like that?’ (child; group 
3),’ Well, for the gender, you can also, for example, if you are a child, you can very quickly 
find out what your gender is, so maybe you can add an ‘other’ option.’ (child; group 3). 
Therefore, the activity category ‘eating’ and the gender option ‘other’ were added. In 
addition, children indicated that the perceived exertion scale missed the ability to fill in 
decimals, (e.g. 0.5 – 1.5 – 2.5, etc.), which were therefore added to the second version of 
MyDailyMoves. Lastly, children and researchers mentioned the importance of being able to 
fill in additional information in addition to the standard questions: ‘Were there any other 
things we could ask as additional questions’ (interviewer; group 1), ‘Maybe something about 
school, what do you think about school, do you like school?’ (child; group 1). ‘There’s no 
room for a child to indicate that he/she has asthma, for example. Maybe we can add a 
general question like, do you want to share anything else, then a child suffering from asthma 
can maybe share that he/she was out of breath a lot of the time, but that it was normal for 
him/her.’ (researcher). Since the children mentioned a wide variety of potential additional 
questions not directly relevant for measuring physical activity, sedentary behavior or sleep, a 
general comments box was included in the second version of MyDailyMoves where children 
can share anything they want.  
 





According to both children and researchers the amount of text used to explain the tool was 
too much and too complicated for the children: ‘I didn’t understand any of that.’ (child; 
group 1), ‘I think it’s really stupid to have to read a long explanation. Then it’s going to be 
super boring.’ (child; group 2). Therefore, both children and researchers recommended 
adding an instructional video. Moreover, some of the questions or answering options should 
be renamed to match the children’s vocabulary. For example, the word ‘screen time’ was 
too difficult; instead, examples (e.g. watching TV, gaming) should be used: ‘So, suppose we 
add examples to the ‘screen time’ category, such as mobile phones, watching TV, gaming. 
And then ‘screen time’ in brackets, to show that all examples belong to screen time. Is it 
clearer that way?’ (interviewer; group 3), ‘Yes! (multiple voices)’ (children; group 3). In 
addition, children mentioned that the word ‘tired’ should be added to the perceived 
exertion scale and that more illustrations should be added alongside the scale, displaying a 
child that increases his/her intensity. ‘Yeah, what I said before, […], like small beads of sweat 
here, no beads of sweat there, small beads of sweat here, and then bigger beads of sweat 
there until there are lots of beads of sweat.’ (child; group 3). Furthermore, children 
sometimes forgot for which day they were supposed to fill in the timeline; therefore, the 
recall day should always be shown above the timeline. Lastly, some of the illustrations had 
to be adapted to improve the understandability, e.g. a bus should be added to the 
illustrations displaying passive transport. All these improvements were adapted in the 
second version of MyDailyMoves.  
 
Relevance of items 
The children did not indicate any irrelevant items within the tool. Some of the researchers 
mentioned that the number of locations included in the tool was rather extensive. However, 
as the children did not mention this as a point for improvement, the number of locations 




The aim of this study was to co-create a 24-hour movement behavior tool jointly with 9-12-
year-old children that measures physical activity, sedentary behavior, and sleep. The 
developed tool, MyDailyMoves, is an online measurement tool recalling the previous day 
using a timeline format and including timeframes (e.g. start of school, end of school, school 
breaks). Children can record their activities, the intensity, and locations of their activities on 
the timeline. Furthermore, children can report their sleep duration, efficiency, timing, 
quality, and daytime sleepiness. The focus groups indicated that MyDailyMoves is a tool 
 
  
that uses a child-friendly format and language and includes all activities that children 
engage in within a 24-hour timeframe. 
 
Compared to existing physical activity, sedentary behavior, and sleep questionnaires in 
children, MyDailyMoves adds novel features. First, children record all their activities 
separately on a timeline within MyDailyMoves, thereby preventing that children have to 
recall all activities of a specific intensity (i.e. sedentary, light, moderate or vigorous) and add 
up the total time spent in that intensity. Second, MyDailyMoves uses a segmented day 
structure with a start- and an end-time for its timeline, resulting in less room for over- or 
underestimation when compared to most original-paper-based-questionnaires. Third, 
MyDailyMoves is an online format which gives the opportunity to personalize the timeline to 
the specific child, e.g. wake-up and sleep-time, and school-times. Fourth, a minimum 
number of sleep-related questions is included while taking into account children’s attention 
span and nevertheless covering all sleep domains based on a pre-defined concept of sleep 
[38,42].  
 
In contrast, most paper-based sedentary behavior or physical activity questionnaires include 
questions regarding the duration and/or frequency of engaging in different physical- or 
sedentary activities such as asking children to estimate the total time (in minutes/hours) they 
spent on sport or watching TV on the previous day. Such questions increase the chance of 
over- and/or underestimation as children can fill in as much or as little time as they think. 
Furthermore, only two multidimensional sleep self-reports for children exist according to a 
systematic review on sleep questionnaires [43]; both include an extensive list of questions, 
and only one includes all sleep domains: the Sleep Habits Survey (SHS). The SHS asks 
children to think about their sleep in general and how they ‘usually’ sleep [44]; this asks 
children to recall multiple nights and summarize their sleep experiences in one single 
answer, which might be a difficult task for children. Moreover, the SHS includes 63 items, 
which also requires a long attention span.  
  
Two measurement instruments using a similar segmented format exist: the 3-Day Physical 
Activity Record (3DPARecord) (paper-based) [45] and the MARCA (online instrument) [46]. 
The 3DPARecord divides the day in 96 15-minute periods, where for each time segment the 
children fill in their energy expenditure ranging from 1 (sleep) to 9 (vigorous physical activity 
and sport). Unfortunately, this questionnaire lacks information on the specific activity that 
the child is doing. Furthermore, only the sleep domain ‘duration’ was included. The MARCA 
is a previous day use-of-time instrument that asks the children to set their own time frames 
(e.g. school breaks) and record their activities within each timeframe by using an activity 
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there until there are lots of beads of sweat.’ (child; group 3). Furthermore, children 
sometimes forgot for which day they were supposed to fill in the timeline; therefore, the 
recall day should always be shown above the timeline. Lastly, some of the illustrations had 
to be adapted to improve the understandability, e.g. a bus should be added to the 
illustrations displaying passive transport. All these improvements were adapted in the 
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that uses a child-friendly format and language and includes all activities that children 
engage in within a 24-hour timeframe. 
 
Compared to existing physical activity, sedentary behavior, and sleep questionnaires in 
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number of sleep-related questions is included while taking into account children’s attention 
span and nevertheless covering all sleep domains based on a pre-defined concept of sleep 
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In contrast, most paper-based sedentary behavior or physical activity questionnaires include 
questions regarding the duration and/or frequency of engaging in different physical- or 
sedentary activities such as asking children to estimate the total time (in minutes/hours) they 
spent on sport or watching TV on the previous day. Such questions increase the chance of 
over- and/or underestimation as children can fill in as much or as little time as they think. 
Furthermore, only two multidimensional sleep self-reports for children exist according to a 
systematic review on sleep questionnaires [43]; both include an extensive list of questions, 
and only one includes all sleep domains: the Sleep Habits Survey (SHS). The SHS asks 
children to think about their sleep in general and how they ‘usually’ sleep [44]; this asks 
children to recall multiple nights and summarize their sleep experiences in one single 
answer, which might be a difficult task for children. Moreover, the SHS includes 63 items, 
which also requires a long attention span.  
  
Two measurement instruments using a similar segmented format exist: the 3-Day Physical 
Activity Record (3DPARecord) (paper-based) [45] and the MARCA (online instrument) [46]. 
The 3DPARecord divides the day in 96 15-minute periods, where for each time segment the 
children fill in their energy expenditure ranging from 1 (sleep) to 9 (vigorous physical activity 
and sport). Unfortunately, this questionnaire lacks information on the specific activity that 
the child is doing. Furthermore, only the sleep domain ‘duration’ was included. The MARCA 
is a previous day use-of-time instrument that asks the children to set their own time frames 
(e.g. school breaks) and record their activities within each timeframe by using an activity 
compendium including over 200 activities. However, the activities included were not based 




on children’s perception of physical activity. Moreover, choosing a specific activity from over 
200 requires a long attention span. Lastly, the MARCA does not include sleep.  
 
Strengths & limitations 
A major strength of this study is the involvement of the children in both the development 
and the content validity assessment phase, as children are the experts of their own behavior 
and know best which activities are relevant to capture their 24-hour movement behaviors. 
Another strength of this study is the content validity assessment with both researchers and 
children, which confirmed that no relevant activity items were missing and that all included 
items were relevant. Furthermore, we achieved triangulation by using the concept mapping 
method to examine children’s perceptions of physical activities in combination with the 
photovoice method to assess children’s actual activities and the focus groups to examine 
content validity. In addition, we followed the COSMIN protocol for content validity which 
further strengthens our study [23]. Moreover, within each school/after-school care facility 
data were collected until saturation was achieved, thereby supporting the 
representativeness of our findings. Furthermore, although a small number of children 
participated in each phase of the study, it was nonetheless a diverse group of children 
selected from schools and after-school care facilities of different SES located in urban and 
rural areas, which further supports the representativeness. A limitation of our study is the 
primary focus on physical activity at the start of the study and including sedentary behavior 
and sleep in a later phase. Consequently, we did not obtain children’s perceptions 
regarding sedentary behavior and sleep, thereby possibly missing out on potential relevant 
sedentary activities and sleep behavior questions. However, during the focus groups 
children had no comments regarding missing sedentary behavior categories and mentioned 
that the most important sleep questions were included. Lastly, as MyDailyMoves is a Dutch 
tool, only Dutch children and researchers were involved in the development. Whether the 





Including children’s perceptions in the different phases of the development and the content 
validity assessment of MyDailyMoves resulted in a measurement instrument that is 
comprehensive, practical, easy-to-use and relevant for children. Furthermore, MyDailyMoves 
is the first personalized 24-hour movement behavior child-report tool, including physical 
activity, sedentary behavior, and sleep. Assessment of the construct validity and the test-
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In today’s society, few adolescents meet physical activity guidelines and effects of physical 
activity promoting programs are disappointing. In studies exploring determinants of 
physical activity, the perspective of adolescents themselves is largely lacking. Also, there is a 
lack of knowledge on potential environmental determinants of adolescent physical activity. 
Therefore, this study aimed to explore adolescents’ perspectives on characteristics of an 
activity-friendly environment. 
Methods 
Concept mapping meetings were conducted with four secondary school classes, including 
115 adolescents (13-17 years). Each student generated ideas regarding the characteristics of 
an activity-friendly environment. For each school class, ideas were combined and identical 
ideas were removed. Next, students individually sorted all ideas, based on self-perceived 
similarity, and rated their importance on a five-point Likert-scale. A concept map was 
created for each school class using multidimensional scaling and hierarchical cluster analysis. 
Finally, the researchers named the potential environmental determinants within the clusters.  
Results 
The concept maps depicted 23 unique potential determinants of activity friendliness, of 
which 15 were similar across all school classes. Potential determinants were categorized in 
the physical-, social-, economic-, and motivational domain. The most frequent and 
important adolescent-perceived determinants of activity friendliness across all school classes 
belonged to the physical domain, e.g. a suitable area including a proper surface for a 
variety of sports, and good lighting in the playground. 
Conclusion 
Our findings show that adolescents perceive potential determinants in the physical and 
economic domain as most important for activity friendliness, indicating that future 















Globally, many adolescents do not meet the recommendations for physical activity. In 2012, 
only 20% of 13- to 15-year-old adolescents engaged in at least 60 minutes of moderate to 
vigorous physical activity per day, according to self-reports [1]. Importantly, a large body of 
evidence exists for the beneficial effects of physical activity of at least moderate intensity on 
both physical and mental health [2,3]. Furthermore, physical activity tracks into adulthood 
[4–7], emphasizing the need for promoting healthy habits from an early age.  
 
Adolescents’ physical activity is affected by multiple determinants that are frequently 
categorized in the following domains: 1) demographic and biological; 2) psychological, 
cognitive and emotional; 3) behavioral; 4) social and cultural; and 5) physical environmental [8–
10]. Multiple reviews have identified correlates of adolescents’ activity behavior across these 
domains. However, evidence was often insufficient or inconsistent due to a lack of high-
quality studies, especially for physical and social-cultural environmental correlates as few 
studies focused on these domains [8–10].  
 
Nevertheless, interventions addressing children’s and adolescents’ physical and social 
environments have shown promising effects on physical activity behavior [11–13]. However, 
these interventions were predominantly limited to playgrounds and public parks 
disregarding adolescents’ environments in general, e.g. not including the route to school or 
commonly used hangouts. Furthermore, a systematic review on the effectiveness of physical 
activity interventions in youth found inconclusive evidence for the effectiveness of the 
included environmental interventions [14]. The majority of these environmental interventions 
were limited to the school environment, indicating the lack of focus on the environment in 
general.  
 
As adolescents are experts of their own behavior, their perspectives could bring new and 
important insights [15] that may enhance the effectiveness of physical activity interventions. 
Adolescents’ perspectives on potential environmental determinants have previously been 
examined in qualitative research [16,17]. However, these studies generally focused on 
specific places in adolescents’ neighborhoods, and the barriers and facilitators of physical 
activity at these specific places. Our study focuses on the environment in general.  
Therefore, the aim of this study was to broadly explore adolescents’ perspectives on 
determinants of an activity-friendly environment, by performing concept mapping meetings 
with 13- to 17-year-old students attending secondary school. Concept mapping 
incorporates the participants’ perspectives throughout the process [18] by giving them the 
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lack of knowledge on potential environmental determinants of adolescent physical activity. 
Therefore, this study aimed to explore adolescents’ perspectives on characteristics of an 
activity-friendly environment. 
Methods 
Concept mapping meetings were conducted with four secondary school classes, including 
115 adolescents (13-17 years). Each student generated ideas regarding the characteristics of 
an activity-friendly environment. For each school class, ideas were combined and identical 
ideas were removed. Next, students individually sorted all ideas, based on self-perceived 
similarity, and rated their importance on a five-point Likert-scale. A concept map was 
created for each school class using multidimensional scaling and hierarchical cluster analysis. 
Finally, the researchers named the potential environmental determinants within the clusters.  
Results 
The concept maps depicted 23 unique potential determinants of activity friendliness, of 
which 15 were similar across all school classes. Potential determinants were categorized in 
the physical-, social-, economic-, and motivational domain. The most frequent and 
important adolescent-perceived determinants of activity friendliness across all school classes 
belonged to the physical domain, e.g. a suitable area including a proper surface for a 
variety of sports, and good lighting in the playground. 
Conclusion 
Our findings show that adolescents perceive potential determinants in the physical and 
economic domain as most important for activity friendliness, indicating that future 















Globally, many adolescents do not meet the recommendations for physical activity. In 2012, 
only 20% of 13- to 15-year-old adolescents engaged in at least 60 minutes of moderate to 
vigorous physical activity per day, according to self-reports [1]. Importantly, a large body of 
evidence exists for the beneficial effects of physical activity of at least moderate intensity on 
both physical and mental health [2,3]. Furthermore, physical activity tracks into adulthood 
[4–7], emphasizing the need for promoting healthy habits from an early age.  
 
Adolescents’ physical activity is affected by multiple determinants that are frequently 
categorized in the following domains: 1) demographic and biological; 2) psychological, 
cognitive and emotional; 3) behavioral; 4) social and cultural; and 5) physical environmental [8–
10]. Multiple reviews have identified correlates of adolescents’ activity behavior across these 
domains. However, evidence was often insufficient or inconsistent due to a lack of high-
quality studies, especially for physical and social-cultural environmental correlates as few 
studies focused on these domains [8–10].  
 
Nevertheless, interventions addressing children’s and adolescents’ physical and social 
environments have shown promising effects on physical activity behavior [11–13]. However, 
these interventions were predominantly limited to playgrounds and public parks 
disregarding adolescents’ environments in general, e.g. not including the route to school or 
commonly used hangouts. Furthermore, a systematic review on the effectiveness of physical 
activity interventions in youth found inconclusive evidence for the effectiveness of the 
included environmental interventions [14]. The majority of these environmental interventions 
were limited to the school environment, indicating the lack of focus on the environment in 
general.  
 
As adolescents are experts of their own behavior, their perspectives could bring new and 
important insights [15] that may enhance the effectiveness of physical activity interventions. 
Adolescents’ perspectives on potential environmental determinants have previously been 
examined in qualitative research [16,17]. However, these studies generally focused on 
specific places in adolescents’ neighborhoods, and the barriers and facilitators of physical 
activity at these specific places. Our study focuses on the environment in general.  
Therefore, the aim of this study was to broadly explore adolescents’ perspectives on 
determinants of an activity-friendly environment, by performing concept mapping meetings 
with 13- to 17-year-old students attending secondary school. Concept mapping 
incorporates the participants’ perspectives throughout the process [18] by giving them the 
opportunity to share their ideas and opinions. Furthermore, we aim to indicate which 




potential determinants are most relevant to adolescents by letting the adolescents rate the 





Participants were recruited through purposive sampling, between November 2015 and 
December 2016, aiming to include students attending different educational levels of 
secondary school aged between 13 to 17 years old. Schools were contacted through a 
personal network and were approached based on differences in socio-economic status and 
location, i.e. schools located in a village and a city. The socio-economic status of the 
participating schools was obtained using the status-scores document from the Dutch Social 
and Cultural Planning Agency and the postal codes of the school. Socio-economic status 
was divided in tertiles, i.e. low, medium, and high socio-economic status. Four secondary 
school classes across three schools located in the surroundings of Amsterdam were invited 
to participate (one in a village, two in cities). All schools/classes agreed to participate 
(response rate classes and schools 100%): one year 2 and one year 4 of 4-year Dutch pre-
vocational secondary education (comparable to year 9 and 11 in UK secondary education), 
and one year 2 and one year 4 of 6-year Dutch pre-university secondary education. In Dutch 
schools the pre-vocational level prepares students for vocational college, and takes 4 years. 
The pre-university level prepares the students for university, this level takes 6 
years. Students were 13- to 17 years old, and class sizes ranged from 20 to 46 students. All 
student in the participating classes were eligible for participation. Information letters and 
informed consent forms were sent to the students and their parents. 
 
The VU University Medical Ethical Committee approved the study protocol. No identifying 
participant information was collected for the purpose of this study, and written informed 
consent was signed by one parent and the participating student. 
 
Study design 
Data collection took place between December 2015 and January 2017. For this study the 
concept mapping method was used, a mixed method including a qualitative data collection, 
and a quantitative data analysis. Several successive steps were performed: idea generation 
towards a seeding statement; sorting and rating of the generated ideas; statistical analysis; 
and interpretation of the concept maps [18,19]. Study size was determined by data 
saturation. Students participated in two steps in separate sessions: in the first session, 
statements were generated and in the second session statements were sorted and rated. 
For practical reasons we were not able to organize parallel sessions for all classes, therefore 




At the start of the concept mapping sessions, students’ age and gender were registered. 




For the first session, each school class was divided into smaller groups (n = 7 to 12 students 
per group), resulting in 12 concept mapping sessions (2 to 4 groups per class). Sessions 
were held during school hours, at school (one school, two classes) and at the Amsterdam 
UMC (two schools, one class each). The sessions took approximately one hour and were 
facilitated by two researchers. The session started with two warm-up questions to stimulate 
students’ understanding of environments that positively or negatively influence their activity 
behavior: ‘In which locations or environments are you quite physically active?’, and ‘In which 
locations or environments are you quite inactive?’. Next, the seeding statement was 
presented, formulated both in a question and a sentence to give the students the 
opportunity to choose the statement they found easiest to answer: 
 
‘When do you think of an environment as being activity-friendly?’ 
‘I think an environment is activity-friendly when it is/has…’ 
 
An individual brainstorm took place during which the students generated as many ideas as 
they could think of to answer the seeding statement. After the individual brainstorm, the 
students shared their ideas, one by one, in a group brainstorm, resulting in a list of unique 
ideas.  
 
In preparation for the second session, researchers combined the ideas generated in the 
smaller groups during the first session for each school class. Identical ideas were removed or 
combined resulting in a list of unique ideas for each school class, a maximum of 98 ideas 
per school class was maintained due to settings of the used concept mapping software 
‘Ariadne’. In the case of disagreements, discussions took place (LH and TA) until consensus 
was reached.  
 
Second session 
The second concept mapping sessions were held at school during school hours, 
approximately one week after the first session, and included the same students as the first 
session. During the second session, students sorted and rated the ideas using a personal 
page in the online program. The students sorted the ideas in different piles based on 
similarities between ideas. A ‘miscellaneous’ pile was not allowed. The software allowed a 
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For the first session, each school class was divided into smaller groups (n = 7 to 12 students 
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An individual brainstorm took place during which the students generated as many ideas as 
they could think of to answer the seeding statement. After the individual brainstorm, the 
students shared their ideas, one by one, in a group brainstorm, resulting in a list of unique 
ideas.  
 
In preparation for the second session, researchers combined the ideas generated in the 
smaller groups during the first session for each school class. Identical ideas were removed or 
combined resulting in a list of unique ideas for each school class, a maximum of 98 ideas 
per school class was maintained due to settings of the used concept mapping software 
‘Ariadne’. In the case of disagreements, discussions took place (LH and TA) until consensus 
was reached.  
 
Second session 
The second concept mapping sessions were held at school during school hours, 
approximately one week after the first session, and included the same students as the first 
session. During the second session, students sorted and rated the ideas using a personal 
page in the online program. The students sorted the ideas in different piles based on 
similarities between ideas. A ‘miscellaneous’ pile was not allowed. The software allowed a 
minimum of three piles and a maximum of ten. After the sorting task, the students named 




the different piles, with a title covering the underlying ideas. Next, students rated all ideas 
on a 5-point Likert-scale ranging from: 1) really unimportant to 5) really important.  
 
Statistical analysis 
Statistical analyses were performed using the software program Ariadne [20], which 
identifies patterns and visualizes these patterns in a concept map, using multidimensional 
scaling and hierarchical cluster analysis. A concept map for every school class was made, 
resulting in four concept maps (see Additional file 1). Based on the sorting by the individual 
participants, the different ideas were arranged on the concept map. Ideas that were sorted 
together more often by the participants in the sorting task were placed closer to one 
another on the map. Furthermore, by default the program creates eight clusters, ideas close 
to each other on the map appear together in a cluster. In addition, the average importance 
rating of each idea is calculated based on the individual participants’ ratings. The cluster 
compositions and average importance ratings of the underlying ideas are shown in 
Additional file 2.  
 
Interpretation 
Two independent researchers (LH and TA) adapted the final number of clusters per concept 
map by interpreting the underlying ideas in each of the generated clusters, aiming for each 
cluster to represent a clear topic, or multiple clear topics. In short, to optimally represent 
students’ ideas, the researchers critically reviewed all ideas within a cluster, and checked 
whether combining or splitting up clusters gave a better representation of the underlying 
ideas. After defining the final number of clusters, the clusters were named by taking into 
account the titles given by the students during the sorting task. As statistical significance is 
not always the best indication for representing qualitative data, some of the ideas within the 
computer-generated clusters were moved to existing or new clusters, as they fitted better 
with another topic. The majority of clusters represented multiple topics, i.e. potential 
determinants. To be able to compare similar potential determinants mentioned across 
schools, we refer to potential determinants instead of clusters in the remainder of the 
manuscript. Subsequently, the average importance of each potential determinant was 





A total of 115 students (37% girls; 14.2 ± 1.2 years old) participated in this study (response 
rate students 86%) and were included in the analysis. Forty-four students were from the 2nd
 
 
year of 4-year pre-vocational secondary education (96% response rate), 14 from the 4th year 
of pre-vocational secondary education (70% response rate), 17 from the 2nd year of 6-year 
pre-university secondary education (96% response rate), and 40 from the 4th year of pre-
university secondary education (100% response rate). The socio-economic status of the 
schools was in the lowest tertile for two of the schools, and in the highest tertile for the 
other school.  
 
Concept maps 
Students generated between 61 and 98 unique ideas. The number of clusters in the final 
concept maps, i.e. researcher-adapted maps, ranged from seven to 12. As the majority of 
clusters represented more than one potential determinant, they were separated to provide 
a clear overview of similarities across classes (Table 1). For clarity reasons, the potential 
determinants were categorized in four domains (i.e. physical, social, economic, and 
motivational characteristics).   
  
Table 1. Average importance ratinga of adolescent-identified determinants of an activity-
friendly environment. 






of all classes 2nd year 4th year 2nd year 4th year 
Physical characteristics 
1. Clean  4.2 3.2 3.9 3.5 3.7 
2. Attractive 3.6 2.6 3.1 3.4 3.2 
3. Proximity 3.3 3.3 3.3 3.4 3.3 
4. Attributes 3.3 3.2 3.4 4.0 3.5 
5. Facilities 3.4 3.2 3.0 4.1 3.4 
6. Well maintained 4.4 4.0 3.4 4.5 4.1 
7. Suitable area 3.1 3.4 3.3 4.2 3.5 
8. Weather 3.4 2.8 3.1 4.2 3.4 
9. Safety 3.8 3.5 2.8 4.0 3.5 
10. Variation  3.1 3.3 3.1 2.6 3.0 
Social characteristics 
1. Presence of others 
(positive/negative) 
2.8 2.8 2.8 4.0 3.1 
2. Different target groups NA 2.9 3.1 3.5 3.2 
3. Ambience 3.8 3.8 2.5 4.1 3.6 
4. Being allowed to be active 3.3 3.8 3.7 3.1 3.5 
5. It is the norm to be active NA 2.5 NA NA 2.5 
Economic characteristics 
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of all classes 2nd year 4th year 2nd year 4th year 
Physical characteristics 
1. Clean  4.2 3.2 3.9 3.5 3.7 
2. Attractive 3.6 2.6 3.1 3.4 3.2 
3. Proximity 3.3 3.3 3.3 3.4 3.3 
4. Attributes 3.3 3.2 3.4 4.0 3.5 
5. Facilities 3.4 3.2 3.0 4.1 3.4 
6. Well maintained 4.4 4.0 3.4 4.5 4.1 
7. Suitable area 3.1 3.4 3.3 4.2 3.5 
8. Weather 3.4 2.8 3.1 4.2 3.4 
9. Safety 3.8 3.5 2.8 4.0 3.5 
10. Variation  3.1 3.3 3.1 2.6 3.0 
Social characteristics 
1. Presence of others 
(positive/negative) 
2.8 2.8 2.8 4.0 3.1 
2. Different target groups NA 2.9 3.1 3.5 3.2 
3. Ambience 3.8 3.8 2.5 4.1 3.6 
4. Being allowed to be active 3.3 3.8 3.7 3.1 3.5 
5. It is the norm to be active NA 2.5 NA NA 2.5 
Economic characteristics 
1. Affordable  3.4 3.6 3.7 3.1 3.5 
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of all classes 2nd year 4th year 2nd year 4th year 
Motivational characteristics 
1. Challenging, motivating, 
exciting and adventurous 
2.4 2.9 3.2 3.4 3.0 
2. Rewards 1.8 3.1 2.6 NA 2.5 
3. Seated activities not 
encouraged 
2.2 2.0 2.6 NA 2.3 
4. Distraction 
(positive/negative) 
2.3 2.4 3.2 3.0 2.8 
5. Organized activities  2.5 NA 2.7 NA 2.6 
6. Active games 2.1 NA 3.2 NA 2.7 
7. Being forced to be active NA NA 2.4 2.7 2.6 
NA = Not applicable, indicates a potential determinant was not indicated during the concept mapping session 
within this class; bold indicates the potential determinant is important  
a Rated on a 5-point Likert-scale with higher scores indicating higher importance of the adolescent-perceived 
determinants 
 
Within the physical domain, students from all classes mentioned the following potential 
determinants: 1) clean, e.g. ‘If the area is clean (no waste/dirt/sweat on the equipment)’; 2) 
attractive, e.g. ‘If there is a lot of green (nature) in the area’; 3) proximity, e.g. ‘If it is nearby 
and easily accessible’; 4) attributes, e.g. ‘Attributes available to be active with, like a parkour 
track, climbing rack, basketball net, or a trampoline’; 5) facilities, e.g. ‘If there are drinking 
water fountains in the area’; 6) well maintained, e.g. ‘If it is well-kept (no lawn without 
grass/broken climbing frames)’; 7) suitable area, e.g. ‘If there is space you can be active in 
and perform sports, a spacious/big sports field’; 8) weather, e.g. ‘If there is a possibility to 
go inside (if it starts raining or when it’s cold)’; 9) safety, e.g. ‘If you feel safe, if there are no 
groups of youths loitering for example’ and e.g. ‘If attributes (e.g. climbing frame) are made 
from strong material’; and 10) variation, e.g. ‘If there is variation in play equipment and 
quantities (enough to do for a longer period)’. 
 
Within the social domain, the following potential determinants were mentioned by students 
from all classes: 1) presence of others (positive/negative), e.g. ‘If there is enough privacy, no 
non-sporting people watching others participating in a sport (if you are sweating/have a red 
face)’, and ‘If it encourages you to be active together’; 2) ambience, e.g. ‘If the ambience is 
nice’; 3) Being allowed to be active, e.g. If I’m allowed to be active (e.g. in school).
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grass/broken climbing frames)’; 7) suitable area, e.g. ‘If there is space you can be active in 
and perform sports, a spacious/big sports field’; 8) weather, e.g. ‘If there is a possibility to 
go inside (if it starts raining or when it’s cold)’; 9) safety, e.g. ‘If you feel safe, if there are no 
groups of youths loitering for example’ and e.g. ‘If attributes (e.g. climbing frame) are made 
from strong material’; and 10) variation, e.g. ‘If there is variation in play equipment and 
quantities (enough to do for a longer period)’. 
 
Within the social domain, the following potential determinants were mentioned by students 
from all classes: 1) presence of others (positive/negative), e.g. ‘If there is enough privacy, no 
non-sporting people watching others participating in a sport (if you are sweating/have a red 
face)’, and ‘If it encourages you to be active together’; 2) ambience, e.g. ‘If the ambience is 
nice’; 3) Being allowed to be active, e.g. If I’m allowed to be active (e.g. in school).
 
  
One potential determinant within the economic domain was found and mentioned by 
students of all classes: affordable, e.g. ‘If it is for free or cheap, for example, less expensive 
sports clubs for example’. 
 
Within the motivational domain, two potential determinants were mentioned by students 
from all classes: 1) challenging, motivating, exciting and adventurous, e.g. ‘If you are 
physically challenged (enough weights for bench press, to be able to improve step by step)’ 
and ‘If there is a game element’; and 2) distraction (positive/negative), e.g. ‘If there is music 
in the background (e.g. for distraction)’ and ‘If there are no things around that distract you (a 
computer for example)’. 
 
Table 1 shows the average importance of the potential determinants. Potential determinants 
that were rated important, i.e. average rating >3, according to all classes were: 1) clean; 2) 
proximity; 3) attributes; 4) well maintained; 5) suitable area; 6) being allowed to be active; 
and 7) affordable. When looking at the overall average importance scores across all classes, 
the top three potential determinants rated as most important were: 1) well maintained; 2) 




This concept mapping study demonstrates that adolescents identified unique potential 
determinants of an activity-friendly environment belonging to four domains, i.e. physical, 
social, economic, and motivational characteristics. Potential determinants belonging to the 
physical, and economic domains were rated as most important across all four school classes. 
Within the social, and motivational domain, a number of potential determinants were also 
rated as important, although, this varied across school classes.  
 
Physical characteristics 
According to all classes, the most important physical characteristics of an activity-friendly 
physical environment were: clean, well maintained, and proximity. Furthermore, the 
environment should have a variety of attributes available, such as play or sports equipment. 
Additionally, the suitability of the area was rated as an important aspect, for example there 
should be a proper surface for various kinds of sports/activities, good lighting, enough 
space, and a comfortable temperature. Our findings are in line with a systematic review 
including both qualitative and quantitative studies. The qualitative results found that 
adolescents perceived a clean and well maintained public open space as a facilitator for 
visiting public open spaces and engaging in physical activity, whereas a lack of cleanliness 
was perceived as a barrier. However, the few quantitative studies that addressed this topic, 
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from strong material’; and 10) variation, e.g. ‘If there is variation in play equipment and 
quantities (enough to do for a longer period)’. 
 
Within the social domain, the following potential determinants were mentioned by students 
from all classes: 1) presence of others (positive/negative), e.g. ‘If there is enough privacy, no 
non-sporting people watching others participating in a sport (if you are sweating/have a red 
face)’, and ‘If it encourages you to be active together’; 2) ambience, e.g. ‘If the ambience is 
nice’; 3) Being allowed to be active, e.g. If I’m allowed to be active (e.g. in school).
Table 1 continued 
  






of all classes 2nd year 4th year 2nd year 4th year 
Motivational characteristics 
1. Challenging, motivating, 
exciting and adventurous 
2.4 2.9 3.2 3.4 3.0 
2. Rewards 1.8 3.1 2.6 NA 2.5 
3. Seated activities not 
encouraged 
2.2 2.0 2.6 NA 2.3 
4. Distraction 
(positive/negative) 
2.3 2.4 3.2 3.0 2.8 
5. Organized activities  2.5 NA 2.7 NA 2.6 
6. Active games 2.1 A 3.2 A 2.7 
7. Being forced to be active NA A 2.4 2.7 2.6 
NA = Not applicable, indicates a potential determinant was not indicated during the concept mapping session 
within this class; bold i i  the potential d terminant is important  
a Rated on a 5-point Likert-scale with higher scor s indicating higher importance of the adolescent-perceived 
determinants 
 
Within the physical domain, students from all classes mentioned the following potential 
determinants: 1) clean, e.g. ‘If the area is clean (no waste/dirt/sweat on the equipment)’; 2) 
attractive, e.g. ‘If there is a lot of green (nature) in the area’; 3) proximity, e.g. ‘If it is nearby 
and easily accessible’; 4) attributes, e.g. ‘Attributes available to be active with, like a parkour 
track, climbing rack, basketball net, or a trampoline’; 5) facilities, e.g. ‘If there are drinking 
water fountains in the area’; 6) well maintained, e.g. ‘If it is well-kept (no lawn without 
grass/broken climbing frames)’; 7) suitable area, e.g. ‘If there is space you can be active in 
and perform sports, a spacious/big sports field’; 8) weather, e.g. ‘If there is a possibility to 
go inside (if it starts raining or when it’s cold)’; 9) safety, e.g. ‘If you feel safe, if there are no 
groups of youths loitering for example’ and e.g. ‘If attributes (e.g. climbing frame) are made 
from strong material’; and 10) variation, e.g. ‘If there is variation in play equipment and 
quantities (enough to do for a longer period)’. 
 
Within the social domain, the following potential determinants were mentioned by students 
from all classes: 1) presence of others (positive/negative), e.g. ‘If there is enough privacy, no 
non-sporting people watching others participating in a sport (if you are sweating/have a red 
face)’, and ‘If it encourages you to be active together’; 2) ambience, e.g. ‘If the ambience is 
nice’; 3) Being allowed to be active, e.g. If I’m allowed to be active (e.g. in school).
 
  
One potential determinant within the economic domain was found and mentioned by 
students of all classes: affordable, e.g. ‘If it is for free or cheap, for example, less expensive 
sports clubs for example’. 
 
Within the motivational domain, two potential determinants were mentioned by students 
from all classes: 1) challenging, motivating, exciting and adventurous, e.g. ‘If you are 
physically challenged (enough weights for bench press, to be able to improve step by step)’ 
and ‘If there is a game element’; and 2) distraction (positive/negative), e.g. ‘If there is music 
in the background (e.g. for distraction)’ and ‘If there are no things around that distract you (a 
computer for example)’. 
 
Table 1 shows the average importance of the potential determinants. Potential determinants 
that were rated important, i.e. average rating >3, according to all classes were: 1) clean; 2) 
proximity; 3) attributes; 4) well maintained; 5) suitable area; 6) being allowed to be active; 
and 7) affordable. When looking at the overall average importance scores across all classes, 
the top three potential determinants rated as most important were: 1) well maintained; 2) 




This concept mapping study demonstrates that adolescents identified unique potential 
determinants of an activity-friendly environment belonging to four domains, i.e. physical, 
social, economic, and motivational characteristics. Potential determinants belonging to the 
physical, and economic domains were rated as most important across all four school classes. 
Within the social, and motivational domain, a number of potential determinants were also 
rated as important, although, this varied across school classes.  
 
Physical characteristics 
According to all classes, the most important physical characteristics of an activity-friendly 
physical environment were: clean, well maintained, and proximity. Furthermore, the 
environment should have a variety of attributes available, such as play or sports equipment. 
Additionally, the suitability of the area was rated as an important aspect, for example there 
should be a proper surface for various kinds of sports/activities, good lighting, enough 
space, and a comfortable temperature. Our findings are in line with a systematic review 
including both qualitative and quantitative studies. The qualitative results found that 
adolescents perceived a clean and well maintained public open space as a facilitator for 
visiting public open spaces and engaging in physical activity, whereas a lack of cleanliness 
was perceived as a barrier. However, the few quantitative studies that addressed this topic, 




and were only focused on maintenance, not cleanliness, did not confirm this [16]. In contrast 
to our findings, a systematic review including quantitative studies found no evidence for an 
association between accessibility and proximity to recreation facilities and self-reported 
physical activity in adolescents [21]. On the other hand, low proximity (distance from home 
and lack of transportation to physical activity opportunities) was mentioned as a barrier for 
engaging in physical activity by adolescents in multiple qualitative studies [17,22]. Similar to 
previous qualitative findings [16,17], we found that the availability of a variety of 
attributes/equipment is an important characteristic of an activity-friendly environment, 
whereas having to bring additional equipment to a sports facility is perceived as a barrier for 
physical activity. Our finding is also in line with three systematic reviews that demonstrated a 
positive association of the availability of recreation facilities/equipment and opportunities 
for physical activity with adolescents’ physical activity [8,23,24].    
 
Interestingly, the potential determinant ‘suitable area’, includes many detailed aspects of an 
activity-friendly physical environment for adolescents, such as proper lighting, surface, and 
temperature. Such details were generally not included in previous quantitative studies 
examining the association between physical environmental characteristics and youth’s 
physical activity [21,25,26]. However, previous qualitative studies reported more detailed 
aspects, adolescents mentioned that flat surfaces are required for open spaces, and sports 
opportunities with good lighting are perceived as a stimulus for engaging in physical activity 
[16]. In short, the importance of the physical environment seems well understood in the 
current literature. However, previous quantitative studies have primarily focused on a more 
global picture of the built environment such as the availability of a playground (yes/no), or 
proximity of a playground. Our study highlights the importance of focusing on more 
detailed aspects, such as maintenance of play equipment, a proper surface for a variety of 
sports, and good lighting in the playground. 
 
Social characteristics 
In the social domain, ‘being allowed to be active’ was rated important by all classes. In 
addition, ‘ambience’ may be another important potential determinant, as it was rated 
important by three of the four classes. According to the students, important aspects of a 
good ambience in the environment include that it should be cozy together with others, and 
fun for everyone. Similarly, a systematic review of qualitative studies concluded that having 
fun was frequently mentioned as a physical activity facilitator in adolescents [17]. The 
importance of being together with others was also previously found to be important for 
adolescents’ physical activity, in both qualitative and quantitative research [22,27,28], 




The potential determinant ‘being allowed to be active’, included statements about the 
absence of strict rules or persons who restrict you in being active, ‘If you are free to do 
whatever you want to do (no one tells you what to do)’. The importance of ‘being allowed to 
be active’ is in line with findings of a systematic review of qualitative studies, stating that any 
strict rules or restrictions make public open spaces less attractive for adolescents for 
engaging in physical activity [16].  
 
Economic characteristics 
All school classes perceived the affordability of opportunities for physical activity as an 
important potential economic determinant: opportunities for physical activity should be free 
or inexpensive, especially fun activities that are generally more expensive like laser games, 
and exercising at sports clubs. Likewise, a systematic review including qualitative studies 
stated that cost-related access problems to physical activity programs was one of the 
reasons for adolescents not to participate in physical activity [17]. Furthermore, a 
quantitative systematic review found positive effects on physical activity when children were 
provided with free play equipment [24], however, this was found in younger children aged 
6-12 years. In addition, a systematic review of reviews concluded that family income and 
socio-economic status were positively associated with adolescents’ physical activity [27], 
suggesting that costs of physical activity might hamper adolescents in being physically 
active. Though students from both educational levels within our study indicated the 
importance of affordability of physical activity opportunities, especially adolescents growing 
up in families with lower incomes and/or socio-economic status might benefit from more 
affordable physical activity opportunities [27]. 
 
Motivational characteristics 
Though the students indicated quite a few potential motivational determinants of the 
activity friendliness of the environment, none of the potential determinants was rated as 
important across all classes. However, a ‘challenging, motivating, exciting and adventurous’ 
environment was rated as important by both pre-vocational level classes. Students indicated 
that a challenging, motivating, exciting and adventurous environment includes for example 
original play equipment, activities or sports that you do not often engage in, the possibility 
to compete, the ability to keep track of your improvements, a game element, and a 
motivating external person, a trainer. Similarly, two previous quantitative studies examining 
adolescents’ ratings of different park features, demonstrated that adolescents perceived 
adventurous play equipment/playgrounds as important stimuli for being active in the park 
[29,30]. The participants in the study of Hohepa et al. [22] also indicated motivational 
assistance, such as setting goals, and the use of a pedometer, as an activity-enhancing 
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Many adolescents do not meet physical activity guidelines and existing physical activity 
interventions have limited effects [1,8–10]. Environmental interventions aiming to enhance 
adolescents’ physical activity show promising effects [11–13] and knowledge of potential 
environmental determinants and their relevance from the adolescent perspective found in 
this study may further improve such interventions. Future intervention studies should 
explore whether environmental interventions targeting the adolescent-perceived 
determinants can improve adolescents’ physical activity and identify which determinants are 
most important.  
 
Strengths and limitations 
The focus on the adolescent perspective is a major strength of this study, as adolescents are 
experts of their own behavior, and therefore can best indicate their needs. The broad focus 
on activity friendliness of all environments relevant to adolescents further strengthens our 
study. Current intervention studies aiming to improve physical activity mainly focus on a 
specific environment such as a nearby playground, whereas a broader perspective may be 
required to significantly influence adolescent’s physical activity. In addition, the high 
response rate, the broad age range, the considerable sample size, the variety in educational 
levels, and including schools in both urban and more rural areas are important strengths of 
this study, as it increases the representativeness of our findings for secondary school 
students in the Netherlands. In addition, during the last concept mapping session, no new 
potential determinants emerged, indicating saturation had been reached. This study might 
be limited by the fact that we were not able to compute one concept map for all school 
classes together. However, the four maps allowed us to identify the differences in ideas and 
main topics that were discussed during the idea generation between school classes. 
Another limitation might be that some of the students seemed very sports-orientated during 
the statement generation, while the aim of the study was to focus on physical activity in 
general. Lastly, all high schools were located in a more urban part of the Netherlands, 











This study provides insight into unique adolescent-perceived determinants of an activity-
friendly environment. Interestingly, our focus on environments in general, rather than 
focusing on an existing playground or specific neighborhood, resulted in more – as well as 
more detailed – potential determinants of an activity-friendly environment. The most 
important adolescent-perceived determinants related to the physical and economic 
domains. However, interventions are needed to confirm that changing the adolescent-
perceived determinants do indeed promote their physical activity levels. 
 
Additional files  
Additional files referred to in the text can be found online in the online article at the 
publisher’s website: https://doi.org/10.1186/s12966-018-0733-x 
 
Additional file 1: Four concept maps, one for each school class. 
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Todays children spend a large amount of their time sedentary. There is limited evidence on 
the determinants of sedentary behavior in children, and qualitative studies are especially 
lacking. Therefore, this study aimed to explore determinants of children’s sedentary 
behavior from the child- and parent perspective. Qualitative data were collected during 
concept mapping sessions with four groups of 11–13-year-old children (n = 38) and two 
online sessions with parents (n = 21). Children and parents generated sedentary behavior 
motives, sorted related motives, and rated their importance in influencing children’s 
sedentary time. Next, multidimensional scaling and hierarchical cluster analysis was 
performed to create clusters of motives resulting in a concept map. Finally, the researchers 
named the clusters in the concept map. Concept maps of children yielded eight to ten 
perceived determinants, and concept maps of parents six to seven. Children and parents 
identified six similar potential determinants, and both rated as important: Sitting because… 
“it is the norm (I have to)”, and “I can work/play better that way”. In addition, children rated 
“there is nobody to play with” as an important potential determinant for engaging in 
sedentary behavior. The most important child- and parent perceived determinants were 
related to the social/cultural and physical environment, indicating that these are promising 
























Worldwide, the majority of children spend more than two hours per day watching TV [1,2], 
and laptop and phone use in children is increasing substantially [3]. Besides screen activities 
children engage in many other sedentary behaviors, e.g., sitting in the classroom and doing 
homework [4,5]. Studies in Europe and the United States, show that children spend 
approximately 8 h per day sedentary [6,7]. 
 
Recently, interest in the health consequences of excessive sedentary behavior is increasing. 
Systematic reviews only including longitudinal studies concluded no convincing evidence for 
a prospective relationship between childhood sedentary behavior and various health 
outcomes [8,9]. However, sedentary behavior tracks from early childhood to later in life 
[10,11], and for adults evidence for an adverse relationship between sedentary behavior and 
morbidity and mortality is emerging [12,13]. Therefore, excessive sedentary behavior among 
children remains a public health concern and developing interventions to reduce sedentary 
behavior seems appropriate. Unfortunately, existing interventions targeting reductions in 
children’s sedentary time have disappointing effects, possibly explained by a lack of 
knowledge on the most important determinants for engaging in sedentary behavior [14]. 
 
Previous reviews found that the most commonly examined determinants can be grouped in the 
following domains: (1) demographic and biological; (2) psychological, cognitive and emotional; 
(3) behavioral; (4) social and cultural; and (5) physical environmental [15–18]. Recent reviews 
found insufficient evidence for determinants of sedentary behavior in children in these five 
domains, as few prospective studies were available, and the majority of the determinants were 
examined only once. Furthermore, most studies focused on screen time such as watching 
television or playing videogames as an indicator of sedentary behavior [17,19,20]. Yet screen 
time takes up only a small part of the total time spent sedentary [5,21–23]. Finally, Brug and 
Chinapaw [24] state that many studies exploring determinants were not specifically designed for 
this question, and the determinants identified in the different reviews mainly concern 
characteristics of sedentary children instead of motivational and contextual reasons for 
engaging in sedentary behavior, which is essential for the design of effective interventions. 
 
Another major gap in the current evidence on determinants is the perspective of children on 
why they engage in sedentary behavior. As children are the experts of their own behavior [25], 
their perspectives could bring new insights into relevant determinants of sedentary behavior. 
Furthermore, as parents play a significant role in facilitating and regulating their children’s 
behavior [26], their view on potential determinants of their children’s sedentary behavior is of 
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Chinapaw [24] state that many studies exploring determinants were not specifically designed for 
this question, and the determinants identified in the different reviews mainly concern 
characteristics of sedentary children instead of motivational and contextual reasons for 
engaging in sedentary behavior, which is essential for the design of effective interventions. 
 
Another major gap in the current evidence on determinants is the perspective of children on 
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parents’ rules concerning screen time and playing outside, were associated with children’s 
sedentary time [27–29]. Therefore, the aim of this study was to explore child- and parent-
perceived determinants of children’s sedentary behavior, using concept mapping with 11- to 
13-year-old children and their parents. Concept mapping is a helpful participatory method to 
acquire knowledge about children’s and parents’ perspectives, by allowing them to provide 
their unique contribution to research concerning their own behavior [30,31]. 
 
Materials and Methods 
 
Participants 
Children and one group of parents were recruited via different primary schools in The 
Netherlands. Between April and October 2015 primary schools were selected through 
purposive sampling, contacted through information letters and follow-up telephone calls, 
aiming to include both rural and urban primary schools comprising children with different 
socio-economic backgrounds. After approaching 26 primary schools, the first school was 
included (response rate 4%). Thereafter, through purposive sampling based on socio-
economic background and rural/urban area three other schools were contacted and 
included (response rate 100%). Thirty-eight children (response rate 40%) and seven parents 
were willing to participate (response rate 12%). Due to late inclusion of the fourth primary 
school, parents of the children at this school were not able to participate in the online 
concept mapping sessions. Therefore, a second group of parents (n = 14) were recruited 
through convenience sampling in January 2017. 
 
When a school agreed to cooperate, information letters were sent to the children in the 8th 
grade, aged between 11–13 years old, and their parents. Both parents from non-
participating and participating children were allowed to take part, as we were interested in 
the ideas of parents in general and not specifically the parents of participating children. 
Parents from the convenience sample received an information letter via email. As a reward 
for participation children received a small present, parents were offered an update on the 
results of the study, and the schools were offered a presentation about the results of the 
study. 
 
The VU University Medical Ethical Committee concluded that the protocol does not fall 
within the scope of the Medical Research Involving Human Subjects Act. No identifying 
participant information was collected for the purpose of this study, and written informed 






Concept mapping is a research method in which group data are collected qualitatively in a 
structured and inductive way, and are analyzed quantitatively. The concept mapping 
procedure consists of several steps: generation of participants’ statements towards a 
seeding statement, grouping all statements and rating of their importance, summarizing 
these data into computer generated concept maps, and interpretation of these concept 
maps [30,31]. In this way, structure and objectivity to qualitative data are provided [30,31]. 
Generally, concept mapping studies include an average of 10–20 participants per study [31]. 
 
Concept mapping sessions and analyzes were performed between May 2015 and February 
2017. At the start of the concept mapping sessions, gender and age were inquired from 
children, and from parents their age, gender, family structure, amount of siblings, and 
highest educational level, i.e., pre-vocational-, vocational-, or higher education. The socio-
economic status (SES) of the primary schools was assessed based on zip codes of the 
schools and the status-scores document from the Dutch Social and Cultural Planning 
Agency. This SES score was divided in tertiles, i.e., low SES, medium  
SES, or high SES. The whole concept mapping procedure is described in detail below. 
 
Concept Mapping Sessions—Children 
The concept mapping sessions with the children took place at their school during school 
hours, lasting approximately 2 h each. Four groups of 8–10 children, attending different 
primary schools, participated in these sessions that were facilitated by two trained 
researchers. Because of children’s limited attention span the whole procedure was divided 
over two sessions. 
 
The first session comprised a warming up exercise, an individual brainstorm, and a group 
brainstorm. The purpose of the warming-up exercise was to broaden children’s 
understanding about sedentary behaviors, i.e., children wrote down their daily activities and 
divided them in active and inactive activities. Thereafter, the seeding statement was 
presented in two ways: 
 
‘Can you think of different reasons why you choose to do activities in which you have a 
seated position?’ 
‘For some things I do, I do them in a seated position, I do these things because’ 
 
Subsequently, the individual brainstorm started, in which the participants were stimulated to 
finish the sentence with as many ideas as possible, and to write down all ideas. In doing this, 





parents’ rules concerning screen time and playing outside, were associated with children’s 
sedentary time [27–29]. Therefore, the aim of this study was to explore child- and parent-
perceived determinants of children’s sedentary behavior, using concept mapping with 11- to 
13-year-old children and their parents. Concept mapping is a helpful participatory method to 
acquire knowledge about children’s and parents’ perspectives, by allowing them to provide 
their unique contribution to research concerning their own behavior [30,31]. 
 
Materials and Methods 
 
Participants 
Children and one group of parents were recruited via different primary schools in The 
Netherlands. Between April and October 2015 primary schools were selected through 
purposive sampling, contacted through information letters and follow-up telephone calls, 
aiming to include both rural and urban primary schools comprising children with different 
socio-economic backgrounds. After approaching 26 primary schools, the first school was 
included (response rate 4%). Thereafter, through purposive sampling based on socio-
economic background and rural/urban area three other schools were contacted and 
included (response rate 100%). Thirty-eight children (response rate 40%) and seven parents 
were willing to participate (response rate 12%). Due to late inclusion of the fourth primary 
school, parents of the children at this school were not able to participate in the online 
concept mapping sessions. Therefore, a second group of parents (n = 14) were recruited 
through convenience sampling in January 2017. 
 
When a school agreed to cooperate, information letters were sent to the children in the 8th 
grade, aged between 11–13 years old, and their parents. Both parents from non-
participating and participating children were allowed to take part, as we were interested in 
the ideas of parents in general and not specifically the parents of participating children. 
Parents from the convenience sample received an information letter via email. As a reward 
for participation children received a small present, parents were offered an update on the 
results of the study, and the schools were offered a presentation about the results of the 
study. 
 
The VU University Medical Ethical Committee concluded that the protocol does not fall 
within the scope of the Medical Research Involving Human Subjects Act. No identifying 
participant information was collected for the purpose of this study, and written informed 






Concept mapping is a research method in which group data are collected qualitatively in a 
structured and inductive way, and are analyzed quantitatively. The concept mapping 
procedure consists of several steps: generation of participants’ statements towards a 
seeding statement, grouping all statements and rating of their importance, summarizing 
these data into computer generated concept maps, and interpretation of these concept 
maps [30,31]. In this way, structure and objectivity to qualitative data are provided [30,31]. 
Generally, concept mapping studies include an average of 10–20 participants per study [31]. 
 
Concept mapping sessions and analyzes were performed between May 2015 and February 
2017. At the start of the concept mapping sessions, gender and age were inquired from 
children, and from parents their age, gender, family structure, amount of siblings, and 
highest educational level, i.e., pre-vocational-, vocational-, or higher education. The socio-
economic status (SES) of the primary schools was assessed based on zip codes of the 
schools and the status-scores document from the Dutch Social and Cultural Planning 
Agency. This SES score was divided in tertiles, i.e., low SES, medium  
SES, or high SES. The whole concept mapping procedure is described in detail below. 
 
Concept Mapping Sessions—Children 
The concept mapping sessions with the children took place at their school during school 
hours, lasting approximately 2 h each. Four groups of 8–10 children, attending different 
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researchers. Because of children’s limited attention span the whole procedure was divided 
over two sessions. 
 
The first session comprised a warming up exercise, an individual brainstorm, and a group 
brainstorm. The purpose of the warming-up exercise was to broaden children’s 
understanding about sedentary behaviors, i.e., children wrote down their daily activities and 
divided them in active and inactive activities. Thereafter, the seeding statement was 
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behaviors of 11–13-year-old children in general. Thereafter, participants shared one by one 
all of their statements in the group brainstorm. This resulted in a list of unique statements. 
 
In the second session, each child individually grouped the statements, printed on separate 
cards, into piles of related statements. A minimum of three and a maximum of ten piles 
were required due to settings of the software program, with at least two statements per 
pile, and a miscellaneous pile was prohibited. Subsequently, children named the different 
piles. Additionally, children individually rated the importance of the statements in 
influencing their sedentary time using a 5-point Likert-scale, ranging from very unimportant 
to very important. 
 
Concept Mapping Sessions—Parents 
Concept mapping sessions with the parents were performed online, making it easier for the 
parents to participate. A comparable procedure as with the children was followed, i.e., a 
comparable warming-up exercise and the individual brainstorm towards the seeding 
statement were performed by e-mail, thereby omitting the group brainstorm. The sorting, 
naming and rating tasks were performed by means of the online program Ariadne [32]. The 
seeding statement was presented in two ways: 
 
‘Can you think of different reasons why your child chooses to do activities in which he/she 
has a seated position?’ 
‘For some things my child does, he/she does them in a seated position, he/she does 
these things because…’ 
 
Statistical Analysis 
Separate analyses were carried out for each school and two groups of parents. The data 
were analyzed by multidimensional scaling and hierarchical cluster analyses using the 
software program “Ariadne” [32], specifically designed for concept mapping. These 
analyses showed every statement as a point on a figure, with statements sorted more often 
together appearing close to each other, and statements never/rarely sorted together widely 
separated. By default eight clusters were made, combining statements close to each other. 
Subsequently, three independent researchers (Lisan M. Hidding, Teatske M. Altenburg, and 
Evi van Ekris) explored whether more or less clusters would represent participant’s ideas 
more adequate, i.e., each cluster comprising statements related to a similar concept. Based 
on the importance rating of the individual statements, average ratings for each statement 






Interpretation of the Maps 
Two researchers (LH and TA) interpreted the maps, by discussing similarities in the meaning 
of statements in each cluster, and subsequently, by determining the concept represented by 
each cluster. Next, researchers (LH and TA) named the clusters, far as possible derived from 
the names given by the participants in the individual sorting task. As statistical significance 
not always results in the best representation of the qualitative data, the researchers critically 
reflected on the computer-generated clusters. According to the researchers, some 
statements were not optimally represented in the computer-generated cluster maps. To 
improve the logic of the concept map, these statements were moved to nearby clusters or 
newly created clusters, the latter where possible based on clusters created by the 
participants in the individual sorting task. Original and final cluster compositions are shown 
in the supplemental material (Appendixs A.1 and A.2, respectively). Finally, the maps were 
discussed, listing similarities and differences between the maps of the different primary 
schools and between the maps of the children and the parents, and an explanation for the 
findings was searched. A third researcher (Mai. J. M Chinapaw or Evi van Ekris) was 
consulted in case of disagreement. In the results section the final clusters are presented. The 
final clusters were interpreted as potential determinants as perceived by children and 
parents. Whether these potential determinants are actual determinants cannot be 





The participating children (n = 38; 55% girls) were on average 11.6 ± 0.6 years old. Parents 
(n = 21; 71% female) were on average 42.1 ± 4.3 years old. One parent was part of a single-
parent family and 20 were part of traditional dual-parent families, three comprising one 
child and 18 more than one child. Furthermore, two parents followed pre-vocational-, three 
parents vocational-, and 16 parents higher education. 
 
School Characteristics 
The four participating schools had a varying degree of urbanization: located in a small size 
village, a medium size village, a large size village and a large city. Two of the schools 
received a medium and two a low SES indication. Concept mapping groups varied from 8 to 
10 children generating 31 to 51 statements. 
 
Children’s Clusters 
Recurrent clusters based on children’s concept maps (see Figure 1 for an example, see 





behaviors of 11–13-year-old children in general. Thereafter, participants shared one by one 
all of their statements in the group brainstorm. This resulted in a list of unique statements. 
 
In the second session, each child individually grouped the statements, printed on separate 
cards, into piles of related statements. A minimum of three and a maximum of ten piles 
were required due to settings of the software program, with at least two statements per 
pile, and a miscellaneous pile was prohibited. Subsequently, children named the different 
piles. Additionally, children individually rated the importance of the statements in 
influencing their sedentary time using a 5-point Likert-scale, ranging from very unimportant 
to very important. 
 
Concept Mapping Sessions—Parents 
Concept mapping sessions with the parents were performed online, making it easier for the 
parents to participate. A comparable procedure as with the children was followed, i.e., a 
comparable warming-up exercise and the individual brainstorm towards the seeding 
statement were performed by e-mail, thereby omitting the group brainstorm. The sorting, 
naming and rating tasks were performed by means of the online program Ariadne [32]. The 
seeding statement was presented in two ways: 
 
‘Can you think of different reasons why your child chooses to do activities in which he/she 
has a seated position?’ 
‘For some things my child does, he/she does them in a seated position, he/she does 
these things because…’ 
 
Statistical Analysis 
Separate analyses were carried out for each school and two groups of parents. The data 
were analyzed by multidimensional scaling and hierarchical cluster analyses using the 
software program “Ariadne” [32], specifically designed for concept mapping. These 
analyses showed every statement as a point on a figure, with statements sorted more often 
together appearing close to each other, and statements never/rarely sorted together widely 
separated. By default eight clusters were made, combining statements close to each other. 
Subsequently, three independent researchers (Lisan M. Hidding, Teatske M. Altenburg, and 
Evi van Ekris) explored whether more or less clusters would represent participant’s ideas 
more adequate, i.e., each cluster comprising statements related to a similar concept. Based 
on the importance rating of the individual statements, average ratings for each statement 






Interpretation of the Maps 
Two researchers (LH and TA) interpreted the maps, by discussing similarities in the meaning 
of statements in each cluster, and subsequently, by determining the concept represented by 
each cluster. Next, researchers (LH and TA) named the clusters, far as possible derived from 
the names given by the participants in the individual sorting task. As statistical significance 
not always results in the best representation of the qualitative data, the researchers critically 
reflected on the computer-generated clusters. According to the researchers, some 
statements were not optimally represented in the computer-generated cluster maps. To 
improve the logic of the concept map, these statements were moved to nearby clusters or 
newly created clusters, the latter where possible based on clusters created by the 
participants in the individual sorting task. Original and final cluster compositions are shown 
in the supplemental material (Appendixs A.1 and A.2, respectively). Finally, the maps were 
discussed, listing similarities and differences between the maps of the different primary 
schools and between the maps of the children and the parents, and an explanation for the 
findings was searched. A third researcher (Mai. J. M Chinapaw or Evi van Ekris) was 
consulted in case of disagreement. In the results section the final clusters are presented. The 
final clusters were interpreted as potential determinants as perceived by children and 
parents. Whether these potential determinants are actual determinants cannot be 
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(n = 21; 71% female) were on average 42.1 ± 4.3 years old. One parent was part of a single-
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were: I sit because… (1) “it is the norm/I have to”; (2) “seated activities are fun”; (3) “I’m 
tired, I want to relax, I want to rest”; (4) “there is nobody to play (actively) with”; (5) “there is 
nothing to do”; (6) “I can work/play better that way”; and (7) “of the weather”. Additional 
clusters in the concept maps of one or two schools were: I sit because… (8) “I’m not in the 
mood to do anything”; (9) “of my health”; (10) “it feels better”; (11) “being active takes a lot 
of effort”; (12) “it is a habit”; (13) “this posture suits the activity better”; (14) “the physical 
environment suitable for physical activities is too far away”; (15) “the physical environment is 
not suitable”; and (16) “I want to make contact with my friends”. 
Children of all primary schools rated the cluster “I sit because it is the norm/I have to” as 
most or second most important motive for engaging in sedentary behavior. Additionally, “I 
sit because I can work/play better that way”, “I sit because there is nobody to play with”, 
and “I sit because I want to make contact with my friends” were rated as most or second 
most important motives. Table 1 presents the child-identified clusters and average 
importance ratings for each school. 
 
 
Figure 1. Concept map children (school 2).  
Note that points, i.e., statements, sorted more often together appear closer to each other, and statements 
never/rarely sorted together appear widely separated.; Arrows indicate a statement is reallocated by researchers, 
circles indicate a new cluster is created by researchers as a result of reallocation of statements.; Cluster 1: I sit 
because I can work/play better that way; Cluster 2: I sit because it is the norm/I sit because I have to; Cluster 3: I 
sit because I’m tired, I want to relax, I want to rest; Cluster 4: I sit because it is a habit; Cluster 5: I sit because 
there is nobody to play with; Cluster 6: I sit because seated activities are fun; Cluster 7: I sit because of the 








Table 1. Children’s clusters and average importance ratings. 
 Clusters Importance a 
School 1   
 1. I sit because I can work/play better that way 4.4 
 2. I sit because it is the norm/I sit because I have to 3.9 
 3. I sit because it feels better 3.5 
 4. I sit because seated activities are fun 3.4 
 5. I sit because I’m tired, I want to relax, I want to rest 3.3 
 6. I sit because of my health 3.1 
 7. I sit because there is nobody to play with 3.0 
 8. I sit because there is nothing to do 2.7 
 9. I sit because I’m not in the mood to do anything 2.6 
 10. I sit because of the weather 2.4 
School 2   
 1. I sit because I can work/play better that way 3.7 
 2. I sit because it is the norm/I sit because I have to 3.6 
 3. I sit because I’m tired, I want to relax, I want to rest 3.4 
 4. I sit because it is a habit 3.3 
 5. I sit because there is nobody to play with 3.3 
 6. I sit because seated activities are fun 3.2 
 7. I sit because of the weather 3.1 
 8. I sit because being active takes a lot of effort 2.7 
School 3   
 1. I sit because it is the norm/I sit because I have to 3.9 
 2. I sit because there is nobody to play with 3.7 
 3. I sit because seated activities are fun 3.5 
 4. I sit because I’m tired, I want to relax, I want to rest 3.5 
 5. I sit because I’m not in the mood to do anything 3.5 
 6. I sit because there is nothing to do 3.4 
 7. I sit because this posture suits the activity better 3.4 
 8. I sit because of the weather 3.1 
 9. I sit because the physical environment suitable for physical 
activities is too far away 
3.0 
School 4   
 1. I sit because it is the norm/I sit because I have to 3.6 
 2. I sit because I want to make contact with my friends 3.4 
 3. I sit because I can work/play better that way 3.4 
 4. I sit because there is nobody to play (actively) with 3.2 
 5. I sit because I’m tired, I want to relax, I want to rest 3.0 
 6. I sit because the physical environment is not suitable 3.0 
 7. I sit because seated activities are fun 2.9 
 8. I sit because there is nothing to do 2.8 
a Rated on a 5-point Likert scale with higher scores indicating higher importance in influencing 
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clusters in the concept maps of one or two schools were: I sit because… (8) “I’m not in the 
mood to do anything”; (9) “of my health”; (10) “it feels better”; (11) “being active takes a lot 
of effort”; (12) “it is a habit”; (13) “this posture suits the activity better”; (14) “the physical 
environment suitable for physical activities is too far away”; (15) “the physical environment is 
not suitable”; and (16) “I want to make contact with my friends”. 
Children of all primary schools rated the cluster “I sit because it is the norm/I have to” as 
most or second most important motive for engaging in sedentary behavior. Additionally, “I 
sit because I can work/play better that way”, “I sit because there is nobody to play with”, 
and “I sit because I want to make contact with my friends” were rated as most or second 
most important motives. Table 1 presents the child-identified clusters and average 
importance ratings for each school. 
 
 
Figure 1. Concept map children (school 2).  
Note that points, i.e., statements, sorted more often together appear closer to each other, and statements 
never/rarely sorted together appear widely separated.; Arrows indicate a statement is reallocated by researchers, 
circles indicate a new cluster is created by researchers as a result of reallocation of statements.; Cluster 1: I sit 
because I can work/play better that way; Cluster 2: I sit because it is the norm/I sit because I have to; Cluster 3: I 
sit because I’m tired, I want to relax, I want to rest; Cluster 4: I sit because it is a habit; Cluster 5: I sit because 
there is nobody to play with; Cluster 6: I sit because seated activities are fun; Cluster 7: I sit because of the 








Table 1. Children’s clusters and average importance ratings. 
 Clusters Importance a 
School 1   
 1. I sit because I can work/play better that way 4.4 
 2. I sit because it is the norm/I sit because I have to 3.9 
 3. I sit because it feels better 3.5 
 4. I sit because seated activities are fun 3.4 
 5. I sit because I’m tired, I want to relax, I want to rest 3.3 
 6. I sit because of my health 3.1 
 7. I sit because there is nobody to play with 3.0 
 8. I sit because there is nothing to do 2.7 
 9. I sit because I’m not in the mood to do anything 2.6 
 10. I sit because of the weather 2.4 
School 2   
 1. I sit because I can work/play better that way 3.7 
 2. I sit because it is the norm/I sit because I have to 3.6 
 3. I sit because I’m tired, I want to relax, I want to rest 3.4 
 4. I sit because it is a habit 3.3 
 5. I sit because there is nobody to play with 3.3 
 6. I sit because seated activities are fun 3.2 
 7. I sit because of the weather 3.1 
 8. I sit because being active takes a lot of effort 2.7 
School 3   
 1. I sit because it is the norm/I sit because I have to 3.9 
 2. I sit because there is nobody to play with 3.7 
 3. I sit because seated activities are fun 3.5 
 4. I sit because I’m tired, I want to relax, I want to rest 3.5 
 5. I sit because I’m not in the mood to do anything 3.5 
 6. I sit because there is nothing to do 3.4 
 7. I sit because this posture suits the activity better 3.4 
 8. I sit because of the weather 3.1 
 9. I sit because the physical environment suitable for physical 
activities is too far away 
3.0 
School 4   
 1. I sit because it is the norm/I sit because I have to 3.6 
 2. I sit because I want to make contact with my friends 3.4 
 3. I sit because I can work/play better that way 3.4 
 4. I sit because there is nobody to play (actively) with 3.2 
 5. I sit because I’m tired, I want to relax, I want to rest 3.0 
 6. I sit because the physical environment is not suitable 3.0 
 7. I sit because seated activities are fun 2.9 
 8. I sit because there is nothing to do 2.8 
a Rated on a 5-point Likert scale with higher scores indicating higher importance in influencing 
children’s sedentary time. 
 





The parents generated 24 (purposive sample), and 44 (convenience sample) statements, 
resulting in six and seven clusters, respectively (see Figure 2 for an example, see Appendix 
A.3 for the other map). Recurrent clusters across both maps were: My child sits because… 
(1) “he/she can work/play better that way”; (2) “it is the norm”; (3) “there is nothing (active) 
to do”; (4) “he/she is tired, wants to relax, wants to rest”; (5) “seated activities are fun”; and 
(6) “it is a habit (and others do so)”. The cluster “My child sits because it is in his/her nature” 
was only found on one of the maps.      
 
Both groups of parents rated “My child sits because he/she can work/play better that way” as 
second most important potential determinant. The most important potential determinant 
differed per group, i.e., “My child sits because he/she is tired, wants to relax, wants to rest”, and 
“My child sits because it is the norm”. Table 2 presents the parent-identified clusters with their 




Figure 2. Concept map parents (convenience sample). 
Note that points, i.e., statements, sorted more often together appear closer to each other, and statements 
never/rarely sorted together appear widely separated.; Arrows indicate a statement is reallocated by researchers, 
circles indicate a new cluster is created by researchers as a result of reallocation of statements. Cluster 1: My 
child sits because it is the norm; Cluster 2: My child sits because he/she can work/play better that way; Cluster 3: 
My child sits because seated activities are fun; Cluster 4: My child sits because he/she is tired, wants to relax, 
wants to rest; Cluster 5: My child sits because others do so, and it is a habit; Cluster 6: My child sits because it is 









Table 2. Parents’ clusters and average importance ratings. 
 Clusters Importance a 
Parents (purposive sample) 
 1. My child sits because he/she it tired, wants to relax, wants to rest 4.2 
 2. My child sits because he/she can work/play better that way 4.0 
 3. My child sits because seated activities are fun 3.4 
 4. My child sits because there is nothing to do 2.6 
 5. My child sits because it is the norm 2.5 
 6. My child sits because it is a habit 2.4 
Parents (convenience sample) b 
 1. My child sits because it is the norm 3.5 
 2. My child sits because he/she can work/play better that way 3.5 
 3. My child sits because seated activities are fun 3.3 
 4. My child sits because he/she is tired, wants to relax, wants to rest 3.3 
 5. My child sits because others do so, and it is a habit 2.9 
 6. My child sits because it is in his/her nature 2.8 
 7. My child sits because there is nothing (active) to do 2.5 
a Rated on a 5-point Likert scale with higher scores indicating higher importance in influencing children’s 




To the best of our knowledge this is the first study exploring child- and parent-perceived 
determinants of children’s sedentary behavior, by performing concept mapping. Children and 
parents indicated several matching potential determinants, of which “I sit because I can 
work/play better that way” as one of the most important perceived determinants according to 
both children and parents. In addition, children indicated “I sit because it is the norm/I sit 
because I have to” and “I sit because there is nobody to play with” as considerable important 
determinants of their sedentary behavior. 
 
The potential determinants found in our study fit within the frequently used domains to 
group determinants [15–18]. The majority of child- and parent-identified determinants 
belong to the psychological, cognitive and emotional domain, e.g., “I sit because I’m not in 
the mood to do anything”, and “I sit because seated activities are fun”. However, the 
perceived determinants that children and parents rated as most important, i.e., “I sit 
because of the norm/I sit because I have to” (children, one group of parents), “I sit because 
I can work/play better that way” (children, all parents), and “I sit because there is nobody to 
play with (children), in particular belong to the social and cultural domain and the physical 
environmental domain”. Interestingly, determinants belonging to the demographic and 
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Figure 2. Concept map parents (convenience sample). 
Note that points, i.e., statements, sorted more often together appear closer to each other, and statements 
never/rarely sorted together appear widely separated.; Arrows indicate a statement is reallocated by researchers, 
circles indicate a new cluster is created by researchers as a result of reallocation of statements. Cluster 1: My 
child sits because it is the norm; Cluster 2: My child sits because he/she can work/play better that way; Cluster 3: 
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Table 2. Parents’ clusters and average importance ratings. 
 Clusters Importance a 
Parents (purposive sample) 
 1. My child sits because he/she it tired, wants to relax, wants to rest 4.2 
 2. My child sits because he/she can work/play better that way 4.0 
 3. My child sits because seated activities are fun 3.4 
 4. My child sits because there is nothing to do 2.6 
 5. My child sits because it is the norm 2.5 
 6. My child sits because it is a habit 2.4 
Parents (convenience sample) b 
 1. My child sits because it is the norm 3.5 
 2. My child sits because he/she can work/play better that way 3.5 
 3. My child sits because seated activities are fun 3.3 
 4. My child sits because he/she is tired, wants to relax, wants to rest 3.3 
 5. My child sits because others do so, and it is a habit 2.9 
 6. My child sits because it is in his/her nature 2.8 
 7. My child sits because there is nothing (active) to do 2.5 
a Rated on a 5-point Likert scale with higher scores indicating higher importance in influencing children’s 




To the best of our knowledge this is the first study exploring child- and parent-perceived 
determinants of children’s sedentary behavior, by performing concept mapping. Children and 
parents indicated several matching potential determinants, of which “I sit because I can 
work/play better that way” as one of the most important perceived determinants according to 
both children and parents. In addition, children indicated “I sit because it is the norm/I sit 
because I have to” and “I sit because there is nobody to play with” as considerable important 
determinants of their sedentary behavior. 
 
The potential determinants found in our study fit within the frequently used domains to 
group determinants [15–18]. The majority of child- and parent-identified determinants 
belong to the psychological, cognitive and emotional domain, e.g., “I sit because I’m not in 
the mood to do anything”, and “I sit because seated activities are fun”. However, the 
perceived determinants that children and parents rated as most important, i.e., “I sit 
because of the norm/I sit because I have to” (children, one group of parents), “I sit because 
I can work/play better that way” (children, all parents), and “I sit because there is nobody to 
play with (children), in particular belong to the social and cultural domain and the physical 
environmental domain”. Interestingly, determinants belonging to the demographic and 
biological domain are extensively discussed in previous studies [17,19], yet they received far 




less attention in the present study, only one group of parents indicated such a determinant, 
i.e., “My child sits because it is in his/her nature”. In addition, determinants belonging to 
the behavioral domain received no attention. 
 
The potential determinants “Sitting because it is the norm/Sitting because I have to” and 
“Sitting because I can work/play better that way” mentioned by both children and parents 
both include motives related to the current societal norm of a sedentary lifestyle. 
Interestingly, one group of parents rated “Sitting because it is the norm” as unimportant, 
while children and the second group of parents rated it as one of the most important 
motives for engaging in sedentary behavior. By establishing rules, and commanding 
children to sit during activities, some parents might unconsciously stimulate their children’s 
sedentary behavior [27,33]. Owen et al. [34] already found the norm to be a potential 
determinant in adults, as nowadays it is the norm to sit during many activities, including 
meetings, classes, and while relaxing at home. Similarly, many of the statements in the 
“Sitting because I can work/play better that way” clusters relate to the school or home 
environment, e.g., it is easier to work/play in a sedentary posture as their school 
environment is decorated for sedentary activities. Lanningham-Foster et al. [35] confirm that 
the school environment influences children’s sedentary behavior, as children were 
significantly more physically active when a classroom was made more suitable for active 
behaviors, e.g., availability of mobile white boards for active learning lessons. 
 
One group of children and parents identified “Sitting because it is a habit” as a potential 
determinant. This finding is in line with studies in adolescents: de Bruijn et al. [36] found that 
habit strength was the strongest correlate of television viewing and Chinapaw et al. [37] found 
that changes in habit strength were significantly related to changes in screen time. In young 
adults Conroy et al. [38] found that habit strength had a strong bivariate correlation with 
objectively assessed sedentary behavior. Thus far, no studies examined the relation of habit 
strength with total sedentary time in children. The mechanism behind habit as a behavioral 
determinant is previously described in relation to exercise behavior. When behavior is a habit it 
is automatically activated by environmental stimulus or cues, instead of consciously deciding to 
engage in the behavior [39]. Due to the current societal norm of a sedentary lifestyle, children 
learn to be sedentary from an early age. Consequently, sedentary behavior has become a habit, 
e.g., ‘My child sits because others do so, and it is a habit’ indicated by one group of parents. 
This cluster additionally indicates that children also learn to sit by imitating others. 
 
Children rated “I sit because there is nobody to play (actively) with” as an important 
potential determinant of their sedentary behavior, related statements were found in the 
cluster “Siting because there is nothing (active) to do” which was also indicated by their 
parents. This might imply that children naturally prefer physically active play but tend to sit 
 
  
when they have nothing to do or nobody to play with. This is in line with the participatory 
study of Caro et al. [40], where children preferred to be physically active in the school 
playground and were sedentary when they were bored. The children in this study perceived 
both social and physical environmental factors of the playground to influence fun of 
physically active play. 
 
The children also indicated weather conditions as potential determinants, e.g., coldness, 
rain, or too hot temperatures within the clusters “I sit because of the weather” and “I sit 
because the physical environment is not suitable”. Additionally, they indicated statements 
related to safety and distance. Yilderim et al. [41], found a significant positive association 
between rainfall and sedentary time, confirming that the weather may indeed be a 
determinant of sedentary behavior. Additionally, a review found that parents may restrict 
children in playing outside when they have concerns about the safety of the neighborhood 
[42]. In our study only the children mentioned statements regarding safety of the 
neighborhood, indicating that it is not just a concern of their parents, however, children 
might have adopted their parent’s ideas. 
 
Both children and parents identified enjoying sedentary activities as a potential determinant 
of sedentary behavior. Previous studies emphasized the importance of fun to children’s 
behavior as well. Norman et al. [43] found a positive association between the enjoyment of 
sedentary activities and high amounts of sedentary time. Moreover, a review found 
evidence for a negative association between preference of sedentary activities and time 
spent on physical activity [17]. 
 
Children mentioned statements related to feeling not so well and feeling bored, indicating 
children’s mood is another potential determinant of their sedentary behavior. This finding is 
in line with previous research indicating that lower psychological wellbeing was associated 
with higher TV/Video viewing and computer use during adolescence [44] and higher TV 
viewing later in life [45]. Rideout et al. [3] found that children who spent more time using 
media, e.g., mobile/online media and television, were more likely to feel unhappy, sad or 
bored. 
 
The influence of new media on children’s behavior is highlighted in the cluster “I sit because 
I want to make contact with my friends”. Underlying statements show the influence of 
smartphones, social media, and online games. Children use these platforms and devices to 
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Strengths and Limitations 
An important strength of this study is the focus on both child- and parent perspectives, 
giving not only new insights in potential determinants but also their relevance/importance in 
influencing sedentary time. Yet the use of the concept mapping method further strengthens 
this study by structuring qualitative data in a quantitative way and providing the opportunity 
to visualize the composite ideas of a group in one map, including participants from different 
backgrounds. In addition, the method consists of several educational tasks, e.g., sharing 
ideas in a group context, and sorting related motives into piles. Furthermore, concept 
mapping gives all participants the opportunity to share their individual ideas, as children 
share their ideas one by one during the group brainstorm, and parents provided their 
individual ideas by e-mail. Despite that a few children needed more guidance during the 
sorting task concept mapping proved a feasible and valuable method for this age group. 
The online concept mapping sessions with the parents may have reduced social desirable 
answers. 
 
A limitation of the study is the limited age range of the children (11–13 years old). A 
strength is that a diverse group of children participated, i.e., with low and medium SES, 
living in urban and rural areas. In addition, similar clusters were identified across schools, 
and at the last school no new topics emerged in the underlying statements (i.e., indicating 
saturation), thereby strengthening the evidence for the representativeness of our findings 
for 11–13 years old in The Netherlands. Similarly, in the second group of parents no new 
topics emerged. The participating parents, who were not necessarily the parents of the 
participating children, were mainly highly educated, which may have limited the 
representativeness of parent-identified determinants. The low recruitment rate among 
parents is an additional limitation of our study, which may have resulted in selection bias. 
Lastly, a few children had difficulties with the sorting task, resulting in more statements 
being rearranged by researchers in the final concept maps. As the rearranged statements 
were included in the clusters emerging from the individual sorting task of the other children, 
the final concept maps are still representative for children’s perspectives. 
 
Future Recommendations 
Although the evidence for the adverse health effects of excessive sedentary behavior in youth 
is unconvincing, there is little potential harm of implementing sedentary time limiting 
interventions [8]. Current interventions aiming to reduce sedentary behavior mainly focused 
on determinants in the psychological, cognitive, emotional domain and behavioral domain. 
Strategies include for example enhancing children’s knowledge and awareness of their 
sedentary time, goal setting, and limiting TV time e.g., by using TV budgets [14]. Our study 
suggests that these may not be the most important determinants for children. The children 
and most parents in our study rated potential determinants belonging to the social/cultural 
 
  
and the physical environmental domain as most important, namely “I sit because of the 
norm/I sit because I have to”, and “I sit because I can work/play better that way”. These child- 
and parent-perceived determinants call for very different intervention strategies targeting the 
social or physical environment, giving them more freedom being non-sedentary e.g., by 
allowing children to be active during lessons, homework or screen time or providing 
gymnastic balls, standing and exercise desks. Additionally, future interventions might benefit 
from focusing on both the school and home setting, as children indicate being limited by 
physical activity restricting rules and environments in both settings. Moreover, involving 
both children and parents in the development of future interventions seems important, as 
their perceptions were not identical. Lastly, interventions targeting sedentary behavior 
reductions may be incorporated in interventions promoting moderate-to-vigorous physical 
activity, for which ample evidence exists of its beneficial health effects in youth. Although, 
whether the identified factors are indeed determinants of sedentary behavior should first be 
confirmed in prospective observational and intervention studies. In addition to perceived 
determinants of overall sedentary behavior, future studies should focus on child- and 
parent-perceived determinants of specific sedentary behaviors such as screen time and 
sitting at school, as it is likely that determinants of these behaviors may deviate from that of 




This study adds important new insights into potential determinants of children’s sedentary 
behavior. Interestingly, parents’ and children’s perspectives differed with regard to both 
type and importance of potential determinants. This highlights the importance of involving 
children in research concerning their own behavior. The most important child-perceived 
determinants of sedentary behavior were: “I sit because of the norm/I sit because I have 
to”, “I sit because I can work/play better that way” and “I sit because there is nobody to 
play with”. Future observational and intervention studies are needed to confirm the 
importance of these potential determinants. 
 
Additional files  
Additional files referred to in the text can be found online in the online article at the 
publisher’s website: https://doi.org/10.3390/ijerph14070671 
 
Appendix A.1: Original Cluster Compositions and Average Rating Per Statement. 
Appendix A.2: Final Cluster Compositions and Average Rating Per Statement. 
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suggests that these may not be the most important determinants for children. The children 
and most parents in our study rated potential determinants belonging to the social/cultural 
 
  
and the physical environmental domain as most important, namely “I sit because of the 
norm/I sit because I have to”, and “I sit because I can work/play better that way”. These child- 
and parent-perceived determinants call for very different intervention strategies targeting the 
social or physical environment, giving them more freedom being non-sedentary e.g., by 
allowing children to be active during lessons, homework or screen time or providing 
gymnastic balls, standing and exercise desks. Additionally, future interventions might benefit 
from focusing on both the school and home setting, as children indicate being limited by 
physical activity restricting rules and environments in both settings. Moreover, involving 
both children and parents in the development of future interventions seems important, as 
their perceptions were not identical. Lastly, interventions targeting sedentary behavior 
reductions may be incorporated in interventions promoting moderate-to-vigorous physical 
activity, for which ample evidence exists of its beneficial health effects in youth. Although, 
whether the identified factors are indeed determinants of sedentary behavior should first be 
confirmed in prospective observational and intervention studies. In addition to perceived 
determinants of overall sedentary behavior, future studies should focus on child- and 
parent-perceived determinants of specific sedentary behaviors such as screen time and 
sitting at school, as it is likely that determinants of these behaviors may deviate from that of 




This study adds important new insights into potential determinants of children’s sedentary 
behavior. Interestingly, parents’ and children’s perspectives differed with regard to both 
type and importance of potential determinants. This highlights the importance of involving 
children in research concerning their own behavior. The most important child-perceived 
determinants of sedentary behavior were: “I sit because of the norm/I sit because I have 
to”, “I sit because I can work/play better that way” and “I sit because there is nobody to 
play with”. Future observational and intervention studies are needed to confirm the 
importance of these potential determinants. 
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The first aim of this thesis was to develop, i.e. co-create, a 24-hour movement behavior tool 
for assessing physical activity, sedentary behavior and sleep in 9-12-year-old children: 
MyDailyMoves. We first summarized studies examining the measurement properties of 
existing sedentary behavior and physical activity self- or proxy-report questionnaires for 
youth, and subsequently concluding on the best currently available questionnaires. Second, 
we co-created a tool together with the key population, i.e. children, as well as researchers 
active in relevant research fields, using photovoice, concept mapping and focus groups. The 
second aim of this thesis was to examine potential determinants of the activity-friendliness 
of the environment from the adolescent perspective, and to examine potential determinants 
of children’s sedentary behavior from the perspectives of children and parents. We 
performed several concept mapping studies with children and their parents (sedentary 
behavior) and with adolescents (activity friendliness). This general discussion starts with 
summarizing the main findings of each chapter. Next, the main findings will be discussed 
and methodological concerns will be highlighted. The general discussion will end with 
discussing recommendations for future research and an overall conclusion. 
 
Summary of main findings 
Chapter 2 summarizes studies examining the measurement properties of self- or proxy-
report sedentary behavior questionnaires for youth. In addition, an overview of the content 
and characteristics of the questionnaires is provided. A large number of sedentary behavior 
questionnaires is available for young people (n=46), of which eight were designed for 
preschoolers, 24 for children, and 14 for adolescents. The available questionnaires vary 
largely regarding content and characteristics, e.g. 19 focused merely on screen-time, and 27 
on a variety of sedentary behavior constructs. None of the self- or proxy-report sedentary 
behavior questionnaires were both valid and reliable. One explanation is that the majority of 
the included studies examining the measurement properties of these questionnaires 
received a fair or poor methodological quality rating. Consequently, it is difficult to 
conclude on the quality of the questionnaires under study as inadequate measurement 
property outcomes, e.g. poor validity results, could be due to the low methodological 
quality of the study or due to a poor quality of the questionnaire. Secondly, the 
development process of the questionnaires was rarely described, and if a description was 
given, the key population was rarely involved. Similarly, the content validity of the 
questionnaire was rarely examined, and if it was examined, the key population was not or 
minimally involved. The lack of their involvement might have caused a misfit between the 
questionnaire’s format and the cognitive abilities of the children for whom the questionnaire 
was developed, or a misfit between the questionnaire’s content, e.g. the included activities, 
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Summary of main findings 
Chapter 2 summarizes studies examining the measurement properties of self- or proxy-
report sedentary behavior questionnaires for youth. In addition, an overview of the content 
and characteristics of the questionnaires is provided. A large number of sedentary behavior 
questionnaires is available for young people (n=46), of which eight were designed for 
preschoolers, 24 for children, and 14 for adolescents. The available questionnaires vary 
largely regarding content and characteristics, e.g. 19 focused merely on screen-time, and 27 
on a variety of sedentary behavior constructs. None of the self- or proxy-report sedentary 
behavior questionnaires were both valid and reliable. One explanation is that the majority of 
the included studies examining the measurement properties of these questionnaires 
received a fair or poor methodological quality rating. Consequently, it is difficult to 
conclude on the quality of the questionnaires under study as inadequate measurement 
property outcomes, e.g. poor validity results, could be due to the low methodological 
quality of the study or due to a poor quality of the questionnaire. Secondly, the 
development process of the questionnaires was rarely described, and if a description was 
given, the key population was rarely involved. Similarly, the content validity of the 
questionnaire was rarely examined, and if it was examined, the key population was not or 
minimally involved. The lack of their involvement might have caused a misfit between the 
questionnaire’s format and the cognitive abilities of the children for whom the questionnaire 
was developed, or a misfit between the questionnaire’s content, e.g. the included activities, 
and children’s daily life activities, or both.  
 




Chapter 3 summarizes the measurement properties of self- or proxy-report physical activity 
questionnaires for youth. There are many physical activity questionnaires for youth (n=89). 
Unfortunately, most of the included studies received a poor or fair methodological quality 
rating, which complicated concluding on the quality of these questionnaires. Moreover, for 
most of the questionnaires only one of the measurement properties was examined, e.g. only 
validity or reliability. Therefore, we found no questionnaires with conclusive evidence on 
both reliability and validity. However, for preschoolers, children as well as adolescents 
multiple questionnaires received an acceptable reliability rating. Only one questionnaire 
with acceptable validity was found, i.e. the Greek version of the 3-Day Physical Activity 
Record (3DPARecord), which was only examined in adolescents. Similar to chapter 2, there 
was a lack of information regarding the development process and content validity 
assessment for most of the questionnaires, and if information was given the key population 
was rarely involved.  
 
Chapter 4 describes the co-creation of MyDailyMoves, a 24-hour movement behavior tool 
for assessing physical activity, sedentary behavior and sleep in 9-12-year-old children. Since 
the Greek version of the 3DPARecord was the only questionnaire with acceptable validity, 
we used the same format for MyDailyMoves. We assumed that this format, consisting of a 
timeline using different time segments, would improve children’s capabilities to report on 
their behaviors. During concept mapping and photovoice sessions children indicated eight 
important physical activity categories: playing inside, playing outside, sports, hobbies, 
chores, personal care, transport, and others, which we subsequently included in the tool. 
Based on the sedentary behavior and sleep literature, we complemented the categories 
with two sedentary categories, i.e. schoolwork and screen time, and five important domains 
for sleep, i.e. sleep duration, efficiency, timing, quality and daytime sleepiness. The first 
version of MyDailyMoves therefore included the above-named physical activity and 
sedentary behavior categories, and questions covering the above-named sleep domains. 
We assessed the content validity of MyDailyMoves, by reflecting on the comprehensiveness, 
understandability and presence of irrelevant items in focus group sessions with children and 
researchers. All items in the tool were judged as relevant, however the understandability of 
the tool could be enhanced and an additional activity category ‘eating’ was identified. 
Therefore, we added ‘eating’ to the activity categories as well as an explanatory video on 
how to use the tool, resulting in a comprehensive 24-hour movement behavior tool, which is 
easy to use for 9–12-year-old children. Unfortunately, we had to postpone the construct 
validity and test-retest reliability study of the tool due to the COVID-19 pandemic and the 
resulting restrictions until further notice.  
 
Chapter 5 describes adolescents’ perspectives on the activity-friendliness of their 
environment. In concept mapping meetings with 13-17-year-old adolescents, their 
 
  
perspectives on the characteristics, i.e. determinants, of an activity-friendly environment 
were explored. In total, 23 unique characteristics of an activity-friendly environment were 
identified, categorized into four domains: 1) physical characteristics, 2) social characteristics, 
3) economic characteristics, and 4) motivational characteristics. Most characteristics 
belonged to the physical domain (e.g. a well-maintained and clean space), and adolescents 
also perceived the physical domain as the most important domain for activity-friendliness. 
Moreover, within each domain multiple characteristics were rated as important by various 
subgroups (according to age or educational level); therefore, different subgroups may need 
a different focus of interventions to improve physical activity-friendliness.  
 
Chapter 6 describes determinants of children’s sedentary behavior from the child- and the 
parent-perspective. Concept mapping meetings were held with 11-13-year-old children and 
their parents to explore why children engage in sedentary activities. Children indicated 
eight to ten potential determinants and parents six to seven potential determinants. Six of 
the potential determinants were identified by both children and parents, of which ‘Sitting 
because it is the norm (I have to)’ and ‘Sitting because I can work/play better that way’ were 
rated as important by both children and parents. The child- and parent-perceived 
determinants with the highest importance rating belonged predominantly to the physical 
and social/cultural environment, suggesting the need for environmental interventions to 
reduce sedentary behavior.  
 
Discussion of main findings 
Can we assess children’s 24-hour movement behavior by questionnaire? 
The lack of evidence for valid and reliable physical activity and sedentary behavior 
questionnaires indicates that assessing these behaviors in children using questionnaires is 
not simple. A major issue with using proxy- or self-report questionnaires for assessing 24-
hour movement behaviors, is the potential for bias. One of these biases is social desirability: 
respondents tend to give answers that are socially more acceptable or more ideal than their 
actual behavior. Moreover, mistakes in following the instructions of the questionnaire are 
often made [1], resulting in incorrect answering of questions. Furthermore, questionnaires 
ask about behavior that is performed in the past, this means answers are based on 
memories that are affected by time, causing recall bias [1]. Importantly, especially assessing 
these behaviors in younger children is problematic. Children are less cognitively developed 
and less time-aware than adults, which makes it even harder for children to recall their 
activities correctly [1,2]. Moreover, recalling the frequency and estimating intensity of their 
behaviors further complicates recall. Additionally, recalling activity behavior is even more 
challenging for children as their behavior tends to be more spontaneous and less organized, 






Chapter 3 summarizes the measurement properties of self- or proxy-report physical activity 
questionnaires for youth. There are many physical activity questionnaires for youth (n=89). 
Unfortunately, most of the included studies received a poor or fair methodological quality 
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Chapter 4 describes the co-creation of MyDailyMoves, a 24-hour movement behavior tool 
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understandability and presence of irrelevant items in focus group sessions with children and 
researchers. All items in the tool were judged as relevant, however the understandability of 
the tool could be enhanced and an additional activity category ‘eating’ was identified. 
Therefore, we added ‘eating’ to the activity categories as well as an explanatory video on 
how to use the tool, resulting in a comprehensive 24-hour movement behavior tool, which is 
easy to use for 9–12-year-old children. Unfortunately, we had to postpone the construct 
validity and test-retest reliability study of the tool due to the COVID-19 pandemic and the 
resulting restrictions until further notice.  
 
Chapter 5 describes adolescents’ perspectives on the activity-friendliness of their 
environment. In concept mapping meetings with 13-17-year-old adolescents, their 
 
  
perspectives on the characteristics, i.e. determinants, of an activity-friendly environment 
were explored. In total, 23 unique characteristics of an activity-friendly environment were 
identified, categorized into four domains: 1) physical characteristics, 2) social characteristics, 
3) economic characteristics, and 4) motivational characteristics. Most characteristics 
belonged to the physical domain (e.g. a well-maintained and clean space), and adolescents 
also perceived the physical domain as the most important domain for activity-friendliness. 
Moreover, within each domain multiple characteristics were rated as important by various 
subgroups (according to age or educational level); therefore, different subgroups may need 
a different focus of interventions to improve physical activity-friendliness.  
 
Chapter 6 describes determinants of children’s sedentary behavior from the child- and the 
parent-perspective. Concept mapping meetings were held with 11-13-year-old children and 
their parents to explore why children engage in sedentary activities. Children indicated 
eight to ten potential determinants and parents six to seven potential determinants. Six of 
the potential determinants were identified by both children and parents, of which ‘Sitting 
because it is the norm (I have to)’ and ‘Sitting because I can work/play better that way’ were 
rated as important by both children and parents. The child- and parent-perceived 
determinants with the highest importance rating belonged predominantly to the physical 
and social/cultural environment, suggesting the need for environmental interventions to 
reduce sedentary behavior.  
 
Discussion of main findings 
Can we assess children’s 24-hour movement behavior by questionnaire? 
The lack of evidence for valid and reliable physical activity and sedentary behavior 
questionnaires indicates that assessing these behaviors in children using questionnaires is 
not simple. A major issue with using proxy- or self-report questionnaires for assessing 24-
hour movement behaviors, is the potential for bias. One of these biases is social desirability: 
respondents tend to give answers that are socially more acceptable or more ideal than their 
actual behavior. Moreover, mistakes in following the instructions of the questionnaire are 
often made [1], resulting in incorrect answering of questions. Furthermore, questionnaires 
ask about behavior that is performed in the past, this means answers are based on 
memories that are affected by time, causing recall bias [1]. Importantly, especially assessing 
these behaviors in younger children is problematic. Children are less cognitively developed 
and less time-aware than adults, which makes it even harder for children to recall their 
activities correctly [1,2]. Moreover, recalling the frequency and estimating intensity of their 
behaviors further complicates recall. Additionally, recalling activity behavior is even more 
challenging for children as their behavior tends to be more spontaneous and less organized, 
e.g. their activities take place in shorter bouts with larger variety of intensities [2].  
 




Questionnaires can also provide information on the context of 24-hour movement behaviors 
in children, e.g. the location and type of activity. This specific contextual information can be 
collected by questionnaire or a combination of objective tools, e.g. an accelerometer, GPS 
and a body-camera. In large-scale studies these more expensive and labor-intensive 
measures are generally not feasible, therefore, many studies remain dependent on 
questionnaires. Also, for sleep the existing objective tools, e.g. polysomnography, are not 
feasible in large-scale and real-life studies.  
 
Assessing contextual information is important as it can provide insights into important 
opportunities for interventions, for example: What types of physical activities do children 
engage in? Where is room for improvement? In which settings or locations are children 
active or sedentary and how can we improve those settings/locations to enhance children’s 
physical activity and sleep?  
 
Our co-creation study showed promising results regarding optimizing the validity of a 24-
hour movement behavior tool for children. Importantly, including the key population 
throughout the co-creation process reduced many questionnaire-related biases, especially 
in children: 1) children addressed understandability problems in the pilot version and 
provided possible solutions for the final version, 2) the tool will be comprehensive as the 
children’s behavior under study was examined together with children themselves and 
children had the chance to supplement missing activities, 3) the tool will not include 
irrelevant items, which can negatively affect children’s motivation and attention span, and 
most importantly 4) the format of the questionnaire was tested and adapted based on the 
children’s feedback, thereby ensuring the tool fits the children’s cognitive abilities as good 
as possible. This is in line with previous studies using the concept mapping method for 
questionnaire development and evaluation, that found that this method resulted in 
questionnaires with good measurement properties [3], confirming the relevance of involving 
the key population in questionnaire development.  
 
In conclusion, questionnaires can be valuable for assessing 24-hour movement behavior in 
children but we need to invest in improving their measurement properties. 
 
Potential determinants of children’s movement behaviors  
Both concept mapping studies, i.e. on the child- and parent-perceived determinants of 
sedentary behavior, and adolescent-perceived determinants of the activity-friendliness of 
the environment, showed interesting new insights. The adolescent-perceived determinants 
of an activity-friendly environment included many detailed aspects, especially concerning 
the physical environment, e.g. a suitable area must meet many requirements such as proper 
lighting and a good temperature. Previous qualitative studies, that also included the key 
 
  
population, found similar detailed aspects [4], while quantitative studies lacked such details, 
and focused e.g. on whether a playground was available (yes/no) [5–7].  
 
The identified child- and parent-perceived determinants of sedentary behavior fitted in the 
following domains: (1) demographic and biological, (2) psychological, cognitive and 
emotional, (3) behavioral, (4) social and cultural, and (5) physical environmental. Potential 
determinants belonging to the social-cultural (e.g. sitting because it is the norm) and the 
physical environmental domain (e.g. sitting because I can work/play better that way) were 
rated as most important both by children and parents. In previous studies, determinants 
belonging to all of these domains were examined [8,9], however, several determinants 
found in our study did not emerge in these studies, e.g. ‘sitting because there is nobody to 
play with’ and ‘sitting because I can work/play better that way’. Moreover, current 
interventions that aim to reduce sedentary behavior are mainly focused on the 
psychological, cognitive and emotional and behavioral domain, and have minimal or no 
effects [10,11]. Findings of both concept mapping studies indicate that including the key 
population can contribute to identifying the most important determinants according to the 
key population, and to provide more detailed or contextual information, subsequently, 




One of the major strengths of the development process of MyDailyMoves is the 
involvement of the end-users: children. Hill already mentioned in the 1990s that including 
children’s perspectives in certain kinds of research is of major importance, and not including 
them has the risk of misunderstanding their needs [12]. However, children are a very diverse 
group, e.g. through the ages children and their behaviors change to a large extent, 
therefore, it is very likely that younger children have different needs than older children [12]. 
This finding emphasizes the importance of including a representative subgroup of the key 
population, i.e. children, for which the tool will be designed in the development process. 
Unfortunately, due to time constraints we were not able to carry out the co-creation process 
of MyDailyMoves for all aspects of the tool. As a result, not all choices we made were based 
on children’s perceptions and ideas e.g. the format of the tool and questions for sleep and 
sedentary behavior. 
 
Firstly, and most importantly, we chose to use a Rating of Perceived Exertion (RPE) scale 
[13–15] to assess the intensity of children’s activities, to be able to classify their behaviors as 
either sedentary, light, moderate or vigorous intensity. These scales are shown to be valid 
for assessing an increasing load of the activity, e.g. increasing the load of a cycle ergometer 





Questionnaires can also provide information on the context of 24-hour movement behaviors 
in children, e.g. the location and type of activity. This specific contextual information can be 
collected by questionnaire or a combination of objective tools, e.g. an accelerometer, GPS 
and a body-camera. In large-scale studies these more expensive and labor-intensive 
measures are generally not feasible, therefore, many studies remain dependent on 
questionnaires. Also, for sleep the existing objective tools, e.g. polysomnography, are not 
feasible in large-scale and real-life studies.  
 
Assessing contextual information is important as it can provide insights into important 
opportunities for interventions, for example: What types of physical activities do children 
engage in? Where is room for improvement? In which settings or locations are children 
active or sedentary and how can we improve those settings/locations to enhance children’s 
physical activity and sleep?  
 
Our co-creation study showed promising results regarding optimizing the validity of a 24-
hour movement behavior tool for children. Importantly, including the key population 
throughout the co-creation process reduced many questionnaire-related biases, especially 
in children: 1) children addressed understandability problems in the pilot version and 
provided possible solutions for the final version, 2) the tool will be comprehensive as the 
children’s behavior under study was examined together with children themselves and 
children had the chance to supplement missing activities, 3) the tool will not include 
irrelevant items, which can negatively affect children’s motivation and attention span, and 
most importantly 4) the format of the questionnaire was tested and adapted based on the 
children’s feedback, thereby ensuring the tool fits the children’s cognitive abilities as good 
as possible. This is in line with previous studies using the concept mapping method for 
questionnaire development and evaluation, that found that this method resulted in 
questionnaires with good measurement properties [3], confirming the relevance of involving 
the key population in questionnaire development.  
 
In conclusion, questionnaires can be valuable for assessing 24-hour movement behavior in 
children but we need to invest in improving their measurement properties. 
 
Potential determinants of children’s movement behaviors  
Both concept mapping studies, i.e. on the child- and parent-perceived determinants of 
sedentary behavior, and adolescent-perceived determinants of the activity-friendliness of 
the environment, showed interesting new insights. The adolescent-perceived determinants 
of an activity-friendly environment included many detailed aspects, especially concerning 
the physical environment, e.g. a suitable area must meet many requirements such as proper 
lighting and a good temperature. Previous qualitative studies, that also included the key 
 
  
population, found similar detailed aspects [4], while quantitative studies lacked such details, 
and focused e.g. on whether a playground was available (yes/no) [5–7].  
 
The identified child- and parent-perceived determinants of sedentary behavior fitted in the 
following domains: (1) demographic and biological, (2) psychological, cognitive and 
emotional, (3) behavioral, (4) social and cultural, and (5) physical environmental. Potential 
determinants belonging to the social-cultural (e.g. sitting because it is the norm) and the 
physical environmental domain (e.g. sitting because I can work/play better that way) were 
rated as most important both by children and parents. In previous studies, determinants 
belonging to all of these domains were examined [8,9], however, several determinants 
found in our study did not emerge in these studies, e.g. ‘sitting because there is nobody to 
play with’ and ‘sitting because I can work/play better that way’. Moreover, current 
interventions that aim to reduce sedentary behavior are mainly focused on the 
psychological, cognitive and emotional and behavioral domain, and have minimal or no 
effects [10,11]. Findings of both concept mapping studies indicate that including the key 
population can contribute to identifying the most important determinants according to the 
key population, and to provide more detailed or contextual information, subsequently, 




One of the major strengths of the development process of MyDailyMoves is the 
involvement of the end-users: children. Hill already mentioned in the 1990s that including 
children’s perspectives in certain kinds of research is of major importance, and not including 
them has the risk of misunderstanding their needs [12]. However, children are a very diverse 
group, e.g. through the ages children and their behaviors change to a large extent, 
therefore, it is very likely that younger children have different needs than older children [12]. 
This finding emphasizes the importance of including a representative subgroup of the key 
population, i.e. children, for which the tool will be designed in the development process. 
Unfortunately, due to time constraints we were not able to carry out the co-creation process 
of MyDailyMoves for all aspects of the tool. As a result, not all choices we made were based 
on children’s perceptions and ideas e.g. the format of the tool and questions for sleep and 
sedentary behavior. 
 
Firstly, and most importantly, we chose to use a Rating of Perceived Exertion (RPE) scale 
[13–15] to assess the intensity of children’s activities, to be able to classify their behaviors as 
either sedentary, light, moderate or vigorous intensity. These scales are shown to be valid 
for assessing an increasing load of the activity, e.g. increasing the load of a cycle ergometer 
by steps of 25 W or increasing heart rate [14,16,17]. However, the scales are often shown to 




be valid for only one or two specific activities, e.g. cycling or walking on a treadmill, when 
filled in directly after or during the activity in experimental settings. In MyDailyMoves, we 
used an RPE-scale to assess the intensity of a large variety of activities performed one or 
two days earlier and in daily life, however, it is unclear whether RPE-scales are appropriate 
for such circumstances. Moreover, there is currently no evidence in children for appropriate 
RPE cut-points for classifying the rated activities in different intensity categories, e.g. at what 
value on the scale can activities be classified as moderately intensive. Although the children 
in our study provided feedback that the RPE-scale was clear, it is unclear whether this is a 
valid way of assessing intensity in children. Moreover, to our knowledge, the existing RPE-
scales were not developed together with children, and in case the children were involved, 
their perspectives were only included after the format of the tool was already developed, 
similar to our study [16]. Importantly, if children would have been involved in the 
development of the activity intensity scale, it might have resulted in an entirely different 
instrument.  
 
Secondly, we did not perform the co-creation process as thoroughly for sleep and sedentary 
behavior as for physical activity. In our first exploratory studies, i.e. the concept mapping 
and photovoice study, sedentary behavior and sleep were not included. Alternatively, we 
added two sedentary activity categories and seven sleep questions (covering five sleep 
domains) to MyDailyMoves, based on previous literature and evaluated this in the content 
validity study. Nevertheless, both the children and the researchers that participated in the 
focus groups agreed with the existing sedentary behavior categories. Moreover, the 
children suggested to include one additional sedentary activity category ‘eating’. Regarding 
the sleep questions, no additional sleep questions were suggested and no major changes to 
the existing questions were necessary.  
 
Lastly, for the format of the tool, we chose to follow the format of the best available 
questionnaire found in the literature reviews. The format of the tool, a timeline, was tested 
in the photovoice study, which showed that children understood working with the timeline. 




The studies described in this thesis included relatively small groups of children, which may 
limit the generalizability of the findings. However, in the co-creation of MyDailyMoves, we 
were able to include a very diverse group of children: children from urban and more rural 
areas, and with low to high socio-economic backgrounds. Furthermore, for all co-creation 
steps data was collected until no new topics/activities emerged, indicating that data 
saturation was reached. In addition, the age range of the children was quite small, which 
 
  
both has advantages and disadvantages. As a result, the current version of MyDailyMoves 
does not necessarily match the 24-hour movement behaviors in younger and/or older 
children. Additionally, only children from the Netherlands were included, for children from 
other countries the included activities may not logically fit their daily activities. Thus, for 
each different key population it is necessary to test and adapt the tool to their specific 
characteristics and situation. Therefore, examining the cross-cultural validity is required 
when the tool is used for other samples [18]. This is important to ensure the tool fits the 
children’s lives, e.g. the activities that they engage in, and is comprehensible. Additionally, 
as children participated voluntarily it could be the case that in particular children who were 
more interested in health behavior and/or research were willing to participate, which may 
have resulted in selection bias. 
 
In the determinant studies on the activity-friendliness of the environment and sedentary 
behavior we also aimed to include a representative sample of adolescents and children 
living in the Netherlands, by including schools from different areas with a variety of socio-
economic backgrounds. In the study regarding the activity-friendliness of the environment 
we managed to include adolescents with an age range of 13 to 17 years, with different 
socio-economic backgrounds and different educational levels. However, only schools in 
more urban areas were included. Whether the findings are also representative for 
adolescents attending more rural located schools in the Netherlands remains unclear. In the 
study on determinants of sedentary behavior we included schools from both urban and 
more rural areas and children from different socio-economic backgrounds, however, the age 
range of the children was 11-13 years and the parents were predominantly highly educated. 
In addition, it could be the case that in particular children and parents who were more 
interested in health behavior or research were willing to participate, which may have 
resulted in selection bias. As a result, the generalizability of the findings of this study might 
be more limited. For both determinant studies, concept mapping sessions were held until 
no new topics or determinants emerged, which indicated that data saturation was reached.  
 
In summary, studies that actively involve the key population can provide important new 
insights and a better fit of the results to the key population’s lives. However, inclusion of a 
diverse group of participants representative of the study population and aiming for data 
saturation is recommended to improve the generalizability of the findings.  
 
Future research 
Good content validity is an essential property of high-quality questionnaires. Terwee et al. 
even stated that content validity is the most important measurement property of proxy- or 
self-report measures/questionnaires [19]. Not examining the content validity, i.e. assessing 
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in the photovoice study, which showed that children understood working with the timeline. 
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areas, and with low to high socio-economic backgrounds. Furthermore, for all co-creation 
steps data was collected until no new topics/activities emerged, indicating that data 
saturation was reached. In addition, the age range of the children was quite small, which 
 
  
both has advantages and disadvantages. As a result, the current version of MyDailyMoves 
does not necessarily match the 24-hour movement behaviors in younger and/or older 
children. Additionally, only children from the Netherlands were included, for children from 
other countries the included activities may not logically fit their daily activities. Thus, for 
each different key population it is necessary to test and adapt the tool to their specific 
characteristics and situation. Therefore, examining the cross-cultural validity is required 
when the tool is used for other samples [18]. This is important to ensure the tool fits the 
children’s lives, e.g. the activities that they engage in, and is comprehensible. Additionally, 
as children participated voluntarily it could be the case that in particular children who were 
more interested in health behavior and/or research were willing to participate, which may 
have resulted in selection bias. 
 
In the determinant studies on the activity-friendliness of the environment and sedentary 
behavior we also aimed to include a representative sample of adolescents and children 
living in the Netherlands, by including schools from different areas with a variety of socio-
economic backgrounds. In the study regarding the activity-friendliness of the environment 
we managed to include adolescents with an age range of 13 to 17 years, with different 
socio-economic backgrounds and different educational levels. However, only schools in 
more urban areas were included. Whether the findings are also representative for 
adolescents attending more rural located schools in the Netherlands remains unclear. In the 
study on determinants of sedentary behavior we included schools from both urban and 
more rural areas and children from different socio-economic backgrounds, however, the age 
range of the children was 11-13 years and the parents were predominantly highly educated. 
In addition, it could be the case that in particular children and parents who were more 
interested in health behavior or research were willing to participate, which may have 
resulted in selection bias. As a result, the generalizability of the findings of this study might 
be more limited. For both determinant studies, concept mapping sessions were held until 
no new topics or determinants emerged, which indicated that data saturation was reached.  
 
In summary, studies that actively involve the key population can provide important new 
insights and a better fit of the results to the key population’s lives. However, inclusion of a 
diverse group of participants representative of the study population and aiming for data 
saturation is recommended to improve the generalizability of the findings.  
 
Future research 
Good content validity is an essential property of high-quality questionnaires. Terwee et al. 
even stated that content validity is the most important measurement property of proxy- or 
self-report measures/questionnaires [19]. Not examining the content validity, i.e. assessing 
whether a questionnaire is understandable, comprehensive and does not include irrelevant 




questions, can result in questionnaires that do not fit the lives of the key population or the 
context for which it is designed. Subsequently, insufficient content validity can affect all 
other measurement properties, e.g. construct validity, reliability and responsiveness [19]. 
Insufficient content validity might partly explain why we found no sedentary behavior and/or 
physical activity questionnaires with adequate validity and reliability. Nonetheless, studies 
reporting on content validity of movement behavior questionnaires are largely lacking. 
Terwee et al. published an update of the COSMIN guidelines, including more specific 
guidelines for evaluating the content validity of a questionnaire [19,20]. An important 
requirement is involving the key population in the development of the questionnaire. It is of 
major importance that the questionnaire fits the lives of future users, e.g. the activities that 
they perform, and their capabilities regarding working with the questionnaire, e.g. is the 
questionnaire understandable. Therefore, content validity studies designed according to 
these guidelines are highly recommended [19]. 
 
Importantly, the studies in this thesis demonstrated that including the key population 
throughout the entire process of developing a questionnaire is highly valuable, i.e. also 
involving them in the process that takes place before the content validity is examined. The 
active involvement of children using various methods, such as concept mapping, 
photovoice and focus groups, ensured that our tool fitted the lives of the children, that it 
was comprehensive, and did not include irrelevant items. Therefore, we strongly 
recommend future studies to actively involve the key population when developing or 
modifying a questionnaire. In a co-creation process, it is important to recognize the 
importance of being flexible in project planning, content and budget, as the details cannot 
be foreseen at the start of the project. Especially, in the current era of technological 
developments the new possibilities regarding measurement tools/methods, e.g. online tools 
or apps, may take up more time and budget for development than more traditional pen-
and-paper questionnaires.  
 
The terminology regarding co-creation varies largely in the existing literature [21], resulting 
in various levels of participation in existing co-creation studies. Hart [22] developed a 
participation ladder with the aim to provide a model for fueling the discussion, and thinking 
about the level of children’s participation in (research)projects, the ladder is based on a 
participation ladder for adults. This participation ladder for young people by Hart shows that 
there are eight levels of participation, where the three lowest levels: manipulation, 
decoration and tokenism, are actually non-participation [22]. In some projects young people 
are supposedly allowed to share their opinion, however, with little room for co-deciding on 
the topic or considering what their own opinion is, which according to Hart’s ladder would 
be defined as tokenism [22]. We highly recommend future co-creation studies to actively 
involve the key population in different phases of the research, e.g. data collection and 
 
  
interpretation, and also including them in decision making. The degree of involvement may 
vary during the different phases of the project, however, we highly recommend active 
involvement in as many phases as possible.  
 
As mentioned before, the COSMIN initiative drafted guidelines for content validity study 
design [20], however no study design checklist is available for the development of the 
questionnaire, i.e. the process that takes place before the content validity is examined. The 
COSMIN includes a risk of bias assessment checklist for questionnaire development [18,23], 
however, a risk of bias assessment checklist is designed for and used by researchers who 
want to evaluate existing development studies, and therefore not entirely suitable for 
researchers who want to design a questionnaire development study themselves. 
Interestingly, several other studies proposed recommendations for questionnaire 
development study designs, including qualitative methods for obtaining the key 
populations’ perspectives [24–29]. However, most of these studies do not include a clear, 
user-friendly guideline or checklist to design such a study [24–26]. Brod et al. [29] and the 
Food and Drug Administration [30], include a clear overview of a questionnaire 
development process, however, involvement of the key population receives limited 
attention in their recommendations. For instance, interpretations of the data and decisions 
regarding the conceptual framework of the construct to be measured are made by 
researchers only. The conceptual framework is generally used to decide on the main 
categories and underlying items/questions within a questionnaire, which means the final 
decisions on main topics and questions is made by researchers. Moreover, in all of the 
available studies/guidelines, these decisions are often still described as performed by 
researchers [25,26,28]. Although results from focus groups and interviews interpreted by 
researchers can be confirmed in a member check, interpretation by the key population 
themselves and co-development of a conceptual framework can result in a slightly different 
framework. Using concept mapping, participants themselves ‘code’ the ideas by clustering 
them in groups of related ideas, thereby proposing key concepts and underlying items [31–
33]. Lastly, all of the above-mentioned studies base their recommendations on standard 
questionnaire formats, while the current rapid developments in technology provide many 
alternative options. Discussing potential formats with the key population, or giving them the 
freedom to think of the best possible measurement method, may further improve the 
content validity of the developed instrument.  
 
As currently available tools for estimating physical activity intensity have originally been 
developed for adults, we recommend co-creation studies for developing tools to assessing 
the intensity of children’s movement behaviors. Specifically, intensity scales are needed that 
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developed for adults, we recommend co-creation studies for developing tools to assessing 
the intensity of children’s movement behaviors. Specifically, intensity scales are needed that 
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Importantly, the COSMIN initiative drafted study design checklists for ensuring high-quality 
studies for all measurement properties, e.g. reliability, responsiveness, construct validity, 
and criterion validity [20]. As described in the first two chapters of this thesis, the majority of 
measurement property studies did not use such checklists, resulting in many studies of low 
methodological quality. Therefore, it is strongly recommended to follow existing guidelines 




The primary aim of this thesis was to co-create a 24-hour movement behavior tool for and 
together with 9-12-year-old children. Literature reviews summarizing the available sedentary 
behavior and physical activity self- or proxy-report questionnaires for youth and their 
measurement properties, showed that up to now few studies follow standardized guidelines, 
e.g. COSMIN, for designing and conducting their measurement property studies, while 
following these guidelines will result in stronger evidence. Due to lack of high-quality 
studies, we found no evidence for questionnaires with acceptable validity and reliability. 
Interestingly, few studies on content validity were included, while content validity is the 
most important measurement property for questionnaires, affecting all other measurement 
properties. Moreover, involvement of the key population in instrument development is rare 
although essential for achieving good content validity. Our co-creation process, in which 
children were involved in multiple phases and also in decision making, resulted in a practical 
and comprehensible 24-hour movement behavior measurement tool that includes all the 
important main activity categories 9–12-year-olds engage in. Future research needs to 
evaluate the construct validity and reliability of the tool.  
 
The secondary aim of this thesis was to examine adolescents’ perspectives on determinants 
of the activity-friendliness of the environment, and children’s and parent’s perspectives on 
determinants of children’s sedentary behavior. These studies provided interesting new 
insights in potential determinants of sedentary behavior and the activity-friendliness of the 
environment: for sedentary behavior, determinants within the physical environment (e.g. 
sitting because I can work/play better that way) and within the social/cultural environment 
(e.g. sitting because it is the norm) were identified as most important, for activity-friendliness 
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Na bijna vijfenhalf jaar is mijn proefschrift dan eindelijk klaar! Het is een proces geweest met 
veel ups en downs, en er zijn zelfs momenten geweest waarop ik even twijfelde of ik het 
ooit wel echt af zou kunnen maken. Ik ben dan ook enorm blij en trots dat het gelukt is! Ik 
heb heel erg genoten van alles wat ik mocht leren en het vele samenwerken met de 
kinderen zelf, waarvan ik misschien nog wel het meest geleerd heb. Maar bovenal: dit 
proefschrift was nooit tot stand gekomen zonder de hulp van heel veel lieve mensen om me 
heen, ik ben jullie allemaal ontzettend dankbaar. 
 
Mijn promotieteam, prof. dr. Mai Chin A Paw & dr. Teatske Altenburg, wat ben ik blij en 
dankbaar dat jullie mij de kans hebben geboden om aan dit project te beginnen. Ik heb 
ontzettend veel van jullie geleerd en ik ben heel dankbaar voor alle vrijheid die jullie mij 
binnen dit project hebben gegeven. Ik heb aan het begin van mijn promotie-traject vaak 
gehoord dat het samenwerken met je promotieteam kan leiden tot veel problemen, ik ben 
dan ook extra dankbaar voor jullie openheid, dat ik met alles bij jullie terecht kon, en dat de 
samenwerking zo soepel verliep! 
 
Lieve Teatske, ik ben je dankbaar voor heel veel dingen! Allereerst dat je me de kans gaf 
om tijdens mijn stage bij J&G te ontdekken hoe leuk ik het vind om onderzoek te doen 
samen met de doelgroep. Na mijn stage maakte je me heel erg blij met de vraag of ik bij 
jullie wilde komen werken en de kans die je me gaf om te starten met mijn promotie-traject. 
Ik heb ontzettend veel van je geleerd in deze periode en ik vond het heel fijn om te zien dat 
jij net zo kritisch (of misschien nog wel kritischer) bent dan ik, je hebt me geleerd dat kritisch 
zijn mag, maar dat ik het af en toe ook even mag loslaten. Ik heb altijd heel erg genoten van 
onze overlegmomenten, waarin er niet alleen ruimte was om te brainstormen maar ook voor 
persoonlijke gesprekken. Het meest dankbaar ben ik je voor de ruimte die je me hebt 
gegeven toen ik het nodig had en je betrokkenheid op persoonlijk gebied. Ook ben ik heel 
dankbaar voor je vertrouwen in mij en de kans die je me gaf met het Europese ACTS-
project als vervolg op mijn promotie-onderzoek. Dankjewel voor alles! 
 
Lieve Mai, ik heb tijdens mijn promotie-traject heel erg genoten van al jouw creativiteit en 
vele ideeën. In het begin, moet ik toegeven, moest ik hier nog een beetje aan wennen. 
Maar ik ben je zeer dankbaar dat je me door al jouw enthousiasme hebt geleerd om 
‘outside the box’ te denken en me niet snel te laten tegenhouden als iets even niet lijkt te 
lukken (“Als ik niet rechtdoor kan, dan ga ik er wel omheen”). Ook ben ik erg dankbaar voor 
je toegankelijkheid en openheid, ik kon altijd even binnenlopen tijdens het inloopspreekuur 
(wat best vaak gebeurde) om even te brainstormen over een nieuw idee of klein ‘probleem’. 




Beste mensen van de GGD Amsterdam (&AAGG), Arnoud, Henriëtte, Karen, Vincent, 
Marcel, bedankt voor dit heel erg leuke project! Bedankt ook voor het meedenken tijdens 
project-overleggen, het bijdragen aan de MyDailyMoves content-validiteit-studie, bij het 
werven van scholen en nog veel meer!  
 
Beste mensen van IT4Care, Frank & Martijn, bedankt voor al jullie inzet bij het ontwikkelen 
van MyDailyMoves, ik weet dat mijn perfectionisme het niet altijd makkelijk maakte, maar ik 
ben heel blij met het eindresultaat dat ik zonder jullie hulp nooit had kunnen behalen. 
 
Lieve (oud)kamergenootjes, Vera, Evi, Laura, Daniëlle, Eline (ook jij was een beetje ons 
kamergenootje), wat ben ik jullie ontzettend dankbaar voor de leuke tijd! Elke dag keek ik er 
naar uit om te gaan werken mede dankzij jullie gezelligheid. In deze thuiswerk-tijden besef 
ik des te meer hoeveel geluk ik had met jullie als kamergenootjes. De bureaus versieren 
voor elkaars verjaardag vond ik denk ik de allerleukste gewoonte! En ook de gezamenlijke 
liefde (of eigenlijk obsessie) voor katten maakte het extra leuk. Ik hoop natuurlijk dat we op 
‘kamer-uitjes’ blijven gaan! 
 
Lieve Vera, als ik terugdenk aan onze werktijd samen moet ik als eerst denken aan onze veel 
te lange bijpraatsessies, over bijna alles konden we veel te lang doorpraten. Dat we beiden 
ons proefschrift af hebben gekregen mag een wonder heten. Ik vond het ook heel leuk om 
mee te maken hoe je je van moederkriebels ontwikkeld hebt tot een super moeder met 
twee hele lieve kinderen. Verder herinner ik me vooral heel veel lachmomenten, vooral 
dankzij de muizen natuurlijk. Ook onze triatlon ervaring zal ik nooit vergeten.  
 
Lieve Evi, ik ben ontzettend blij dat ik jou als collega mocht leren kennen! Ik herinner me 
veel slappe-lach-momenten met jou, maar hierbij mijn twee favorieten: die keer dat jij met 
je voeten in de la zat vanwege een rondrennende muis op de vloer (overigens niet het 
enige muizen-paniek-moment), en natuurlijk de keer dat je uitleg kreeg over hoe de heup-
omtrek van een kind nou echt gemeten moest worden. Je enthousiasme voor sporten en 
triatlon vond ik superleuk om te zien, en totaal onverwacht hebben jij en Vera me zo ver 
gekregen om deel te nemen aan een team-triatlon, een ervaring die ik nooit zal vergeten! 
 
Lieve Laura, wat was het fijn om jou als collega te hebben! Je openheid en enthousiasme 
droegen veel bij aan de fijne sfeer op onze kamer! Je idee om af en toe samen ‘thuis te 
werken’ in de afgelopen periode vond ik heel fijn, je trok me echt even uit mijn eigen huisje, 
en bracht even de gezelligheid terug die we vroeger als kamergenootjes zo vanzelfsprekend 
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Lieve Danielle, mijn hele PhD-tijd heb ik met jou een kamer gedeeld en daar ben ik heel blij 
mee! Je was altijd bereid om te luisteren naar al mijn kleine PhD-frustraties, maar ook op 
persoonlijk gebied. Daarnaast kwam kleine Elias af en toe op bezoek in onze kamer wat 
altijd een heerlijke afleiding was! 
 
Lieve Eline, op de dagen dat jij ons kamertje met ons deelde was het altijd supergezellig! 
Vooral over katten konden we veel praten, het liefst in combinatie met kattenfoto’s 
natuurlijk. Ik ben je ook heel erg dankbaar voor al je hulp bij mijn focusgroepen, heel leuk 
om dit samen met jou te kunnen doen!  
 
Lieve (oud-)J&G collega’s, Lotte, Froukje, Manou, Anneline, Jelle, Helga, Meredith, Azadèh, 
Sanne, Mariëtte, Joana, Kirstina, Silvia, Sumayah, Margreet, Rabab, Bianca, bedankt voor al 
jullie gezelligheid in het team en de leuke tijd die ik mede dankzij jullie heb gehad bij J&G! 
 
Lieve Inge & Trees, bedankt voor al jullie hulp en ondersteuning bij mijn werkzaamheden! 
Met welk probleem ik ook bij jullie kwam, vragen over een werkreisverzekering, een niet 
werkende toegangspas, en een hele grote hoeveelheid pennen die ik nodig had voor mijn 
onderzoek, jullie stonden altijd direct voor me klaar! Dankjewel! 
 
Mijn stagiaires, Rosalie, Ramoenja, Johanna, Bram en Marin, bedankt voor al jullie inzet en 
grote bijdrage aan mijn proefschrift! Zonder jullie was het allemaal niet gelukt. Marin, 
bedankt ook voor al je hulp als onderzoeksassistent bij mijn nieuwe project, ik vond het 
ontzettend fijn om met je samen te werken! 
 
Zonder de hulp en deelname van alle scholen, bso’s, leerlingen, en anderen was dit 
onderzoek niet mogelijk geweest. Ik ben jullie allemaal heel erg dankbaar voor al jullie inzet 
en jullie enthousiasme over deelname. In het bijzonder wil ik de leerlingen bedanken die 
hebben deelgenomen aan het onderzoek, ik heb heel erg van jullie creatieve ideeën en 
enthousiasme genoten! 
 
Beste leden van de beoordelings- en promotiecommissie, prof. dr. Willem van Mechelen, 
prof. dr. ir. Riekie de Vet, Prof. dr. Greet Cardon, dr. Hidde van der Ploeg, dr. Marcel van 
der Wal en dr. ir. Wanda Wendel-Vos, hartelijk bedankt dat jullie mijn proefschrift wilden 
lezen en beoordelen en dat jullie plaats willen nemen in de promotiecommissie. 
 
Lieve Yasmin, ik ben ontzettend blij dat wij na ongeveer 16 jaar nog steeds vriendinnen zijn. 
De afgelopen jaren kon ik altijd alles bij je kwijt en dat vind ik echt heel bijzonder! Ook al 
woon je aan de andere kant van het land je bent er altijd. Ik denk dat als ik mijn Facetime-
minuten in een grafiek zou zetten, jij met stip op nummer één zou staan. Zeker in de 
 
  
afgelopen thuis-werktijd ben jij een beetje mijn collega op afstand geworden. Ondanks dat 
we heel anders zijn, zijn we ook op een gekke manier heel erg hetzelfde, ik hoop dat dat tot 
in het bejaardentehuis zo mag blijven!  
 
Lieve Anna, wat ben ik blij dat wij per toeval in hetzelfde dispuut zijn geplaatst, met 
dezelfde voorliefde voor pantysokjes in onze all stars was een vriendschap niet meer te 
voorkomen. Als ik aan jou denk, denk ik vooral een half-mislukte vakanties, in een hotel 
zonder airco bij 40 graden, het metrosysteem van New York toch een beetje onderschatten 
en opeens geen hotelkamer hebben. Toch wisten we hier uiteindelijk een hele positieve 
draai aan te geven en heb ik er alleen maar goede herinneringen aan over gehouden. Ik 
ben je heel dankbaar voor hoe je er de afgelopen jaren voor me geweest bent, ook voor 
alle lieve kaartjes!  
 
Lieve Irma, wat is het fijn om jou als vriendin te hebben! De laatste jaren zijn onze levens iets 
meer op elkaar gaan lijken en dat maakte dat ik extra veel aan jou heb gehad! Fijn dat ik 
altijd bij je kon klagen over alles in veel te lange voicies/podcasts, dat we onze voorliefde 
voor katten konden delen, samen heel hard konden lachen om Tina en grappige uitspraken 
van kinderen bij jou in de klas en in mijn onderzoek. Bedankt ook dat je altijd bereid was om 
mee te denken met het vinden van scholen voor mijn onderzoek! 
 
Lieve Anne, ik ben echt heel blij dat jij jaren geleden mijn huisgenootje werd en dat dat is 
overgegaan in vriendschap! Bedankt dat je er de afgelopen jaren voor me was en dat je 
altijd bereid was om van het verre Betondorp naar West te komen fietsen voor gezellige 
avondjes samen. Ook kon ik altijd mijn SPSS-, Word-, of andere onderzoekfrustraties bij je 
kwijt en soms had jij zelfs de oplossing, dankjewel voor alles! 
 
Lieve Marieke, dat wij na zoveel jaren nog steeds vriendinnen zijn, daar ben ik heel 
dankbaar voor, ook al zien we elkaar niet heel vaak vanwege de grote afstand, het is altijd 
direct weer supergezellig als we afspreken! Bedankt voor alle fijne herinneringen en hopelijk 
komen daar nog heel veel bij! 
 
Lieve Marie, van jouw positiviteit heb ik echt heel erg genoten de afgelopen jaren! Ook al 
verhuisde je helemaal naar Austin, Skype was onze redder. Ik ben blij dat ik jou als vriendin 
heb, dat je altijd met me meedenkt en bereid bent om veel te lange voicies af te luisteren! 
Ook heb ik er heel erg van genoten om jou en je bedrijfje te zien groeien, ik ben benieuwd 
wat er nog gaat komen!  
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afgelopen thuis-werktijd ben jij een beetje mijn collega op afstand geworden. Ondanks dat 
we heel anders zijn, zijn we ook op een gekke manier heel erg hetzelfde, ik hoop dat dat tot 
in het bejaardentehuis zo mag blijven!  
 
Lieve Anna, wat ben ik blij dat wij per toeval in hetzelfde dispuut zijn geplaatst, met 
dezelfde voorliefde voor pantysokjes in onze all stars was een vriendschap niet meer te 
voorkomen. Als ik aan jou denk, denk ik vooral een half-mislukte vakanties, in een hotel 
zonder airco bij 40 graden, het metrosysteem van New York toch een beetje onderschatten 
en opeens geen hotelkamer hebben. Toch wisten we hier uiteindelijk een hele positieve 
draai aan te geven en heb ik er alleen maar goede herinneringen aan over gehouden. Ik 
ben je heel dankbaar voor hoe je er de afgelopen jaren voor me geweest bent, ook voor 
alle lieve kaartjes!  
 
Lieve Irma, wat is het fijn om jou als vriendin te hebben! De laatste jaren zijn onze levens iets 
meer op elkaar gaan lijken en dat maakte dat ik extra veel aan jou heb gehad! Fijn dat ik 
altijd bij je kon klagen over alles in veel te lange voicies/podcasts, dat we onze voorliefde 
voor katten konden delen, samen heel hard konden lachen om Tina en grappige uitspraken 
van kinderen bij jou in de klas en in mijn onderzoek. Bedankt ook dat je altijd bereid was om 
mee te denken met het vinden van scholen voor mijn onderzoek! 
 
Lieve Anne, ik ben echt heel blij dat jij jaren geleden mijn huisgenootje werd en dat dat is 
overgegaan in vriendschap! Bedankt dat je er de afgelopen jaren voor me was en dat je 
altijd bereid was om van het verre Betondorp naar West te komen fietsen voor gezellige 
avondjes samen. Ook kon ik altijd mijn SPSS-, Word-, of andere onderzoekfrustraties bij je 
kwijt en soms had jij zelfs de oplossing, dankjewel voor alles! 
 
Lieve Marieke, dat wij na zoveel jaren nog steeds vriendinnen zijn, daar ben ik heel 
dankbaar voor, ook al zien we elkaar niet heel vaak vanwege de grote afstand, het is altijd 
direct weer supergezellig als we afspreken! Bedankt voor alle fijne herinneringen en hopelijk 
komen daar nog heel veel bij! 
 
Lieve Marie, van jouw positiviteit heb ik echt heel erg genoten de afgelopen jaren! Ook al 
verhuisde je helemaal naar Austin, Skype was onze redder. Ik ben blij dat ik jou als vriendin 
heb, dat je altijd met me meedenkt en bereid bent om veel te lange voicies af te luisteren! 
Ook heb ik er heel erg van genoten om jou en je bedrijfje te zien groeien, ik ben benieuwd 
wat er nog gaat komen!  
 
Lieve Lotte, wat was het fijn om in de afgelopen periode een vriendin te hebben die ook 





coschappen doet! In veel stappen liep ik net een beetje op je voor, maar op het gebied van 
data-analyse met SPSS kon ik altijd met al mijn zorgen bij je terecht en dat was heel fijn. Ik 
ben je ook echt heel dankbaar voor je openheid, dat ik altijd alles tegen je kan zeggen, en 
dat je net zo’n Ticket-to-Ride-fan bent als ik! 
 
Lieve oud-dispuutgenootjes, Anne, Laura, Nadine, Tamara, Maarten en Jesse, bedankt voor 
al jullie gezelligheid tijdens alle dispuutmomenten aan het begin van mijn promotietraject! 
Ik ben ook heel blij dat ik nog steeds af en toe van jullie gezelligheid mag genieten. Anne, 
bedankt voor de gezellige etentjes! Laura, bedankt voor al je planten- en huishoudelijke 
burgertips! Nadine, bedankt dat ik al mijn politieke frustraties met je kan delen! Tamara, 
bedankt voor de gezellige etentjes en de fijne corona-proof-wandelingen! Maarten, bedankt 
voor alle muzikale tips en elpees! Jesse, bedankt voor de hilarische film-avondjes! 
 
Lieve Maurits, ik vind je positiviteit en optimistisme over alles echt heel erg fijn, of zoals je 
het zelf liever noemt, je realisme. Ik ben heel erg blij dat ik je nu in mijn leven heb en ik ben 
je ook super dankbaar voor al je hulp bij het afronden van mijn proefschrift.  
 
Lieve Erna, bedankt voor alle keren dat je bereid was om weer mee te denken bij het vinden 
van scholen voor deelname aan mijn onderzoek! Zonder jou zou de inhoud van dit 
proefschrift er niet zo uitzien! Lieve Isa, bedankt voor al je tijd en creativiteit bij het 
ontwerpen van de illustraties voor mijn proefschrift! 
 
Lieve Anka, al onze wandelingen in de natuur en Amsterdam-weekendjes met vele shop-
sessies en etentjes hielpen me altijd enorm om mijn hoofd even helemaal leeg te maken! 
Dankjewel ook dat ik altijd met mijn zorgen bij je terecht kan!  
 
Lieve Arwin, bedankt dat ik altijd met al mijn proefschrift-photoshop-problemen bij je 
terecht kon en jij direct bereid was om mij te helpen! 
 
Lieve Iwan & Yuni, bedankt voor alle gezellige etentjes en jullie verhuishulp! En Iwan 
bedankt voor het aanhoren van al mijn zorgen over ingewikkelde data-analyses en je 
kalmerende adviezen! 
 
Lieve papa & mama, het mag duidelijk zijn dat zonder jullie dit proefschrift er nooit geweest 
was. Ik kan eigenlijk niet in woorden omschrijven hoe dankbaar ik ben voor al jullie hulp en 
dat jullie er altijd in alles voor mij geweest zijn. Het hielp me ontzettend dat ik altijd alles bij 
jullie kwijt kon. Mama, bedankt dat je altijd voor me klaarstond, ook voor al je hulp bij kleine 
regel dingetjes (frisbees op de post doen, printen, en nog veel meer). Papa, bedankt dat je 
me altijd wilde helpen en zélfs hebt meegeholpen aan de opmaak van mijn proefschrift!  
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